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A    RECTANGULAR-COMPONENT   TWO-DIMENSIONAL 
ALTERNATING-CURRENT  POTENTIOMETER.* 

BY 

A.  E.  KENNELLY,  Sc.D., 

Professor  of  Electrical  Engineering:  Harvard  University,  and  the  Massachusetts  Institute  of  Technology, 

Member  of  the  Institute. 
AND 

EDY  VELANDER,  A.M. 

It  is  here  proposed  to  describe  the  construction,  mode  of  opera- 
tion, and  use  of  a  special  form  of  akernating-current  potentiom- 
eter, particularly  adapted  to  telephonic- frecjuency  measurements, 
and  which  gives  its  readings  in  two  rectangular  components  of  the 
voltage  measured. 

Brief  History. — The  name  "  Electric  Potentiometer  "  was 
suggested  in  1873,  by  Latimer  Clark,  for  the  instrument  which 
he  described,  as  serving  to  measure  continuous-current  potential 
differences,  in  a  paper  read  in  London,  January  22,  1873,  before 
the  "  Society  of  Telegraph  Engineers,"  the  forerunner  of  "  The 
Institution  of  Electrical  Engineers."  This  instrument  has 
remained  almost  unchanged  to  the  present  time,  and  is  one  of 
the  most  valuable  measuring  instruments  which  electrical  engi- 
neering possesses. 

An  early  form  of  a-c.  potentiometer  was  described  by  Franke 
in  1 89 1.  It  employed  a  small  a-c.  generator  with  two  armature 
windings  mechanically  adjustable  with  respect  to  a  common  rotat- 
ing field ;  so  that  1)oth  the  relative  magnitudes  and  the  relative 

*  Communicated  by  Dr.  Kennelly. 

[Note. — The  Franklin  Institute  is  not  responsible  for  the  statements  and  opinions  advanced 
by  contributors  to  the  Journal.] 
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phase  of  the  two  induced  cmfs.  at  one  and  the  same  frequency, 
could  be  determined.^ 

An  improved  a-c.  potentiometer  was  described  by  Dr.  C.  V. 
Drysdale^  in  1909.  This  instrument  has  come  into  fairly  exten- 
sive use.  It  measures  an  a-c.  potential  difference  in  polar  coordi- 
nates, over  the  complex  plane;  i.e.,  in  size  and  in  slope  or  phase, 
with  respect  to  a  certain  phase  standard.  Its  readings  are  there- 
fore presented  in  the  general  form  E/.  /i?°,  such  as  1.500  Z  125.3° 
volts.  Its  range,  without  any  auxiliary  multiplier,  is  from  o  to 
1.8  volts  in  size,  and  o  to  360°  in  slope.  The  range  in  frequency 
which  it  claims  is  from  25  to  1000  cv:. .  The  Drysdale  a-c.  potenti- 
ometer has  filled  a  great  need  for  a  laboratory  instrument  capable 
of  measuring  planevector  ^  voltages.  For  many  such  purposes 
its  use  is  invaluable.  When,  however,  the  source  of  testing 
current  is  an  oscillator,  and  not  an  alternator,  there  is  a  difficulty 
in  using  this  instrument,  because  the  excitation  of  the  necessary 
phase-shifting  transformer  requires  more  than  60  watts.  When 
an  oscillator  is  used  as  the  source  of  alternating  currents,  it  is 
necessary  to  reduce  the  power  absorbed  in  the  measuring  instru- 
ments to  the  lowest  available  limits.  The  use  of  oscillators  for 
such  purposes  is  steadily  increasing.  It  then  becomes  imperative 
to  adopt  such  a  form  of  a-c.  potentiometer  as  will  avoid  the  use 
of  an  electromagnetic  phase-shifting  device. 

Prof.  A.  Larsen  described  in  1910, '  a  form  of  two-dimensional 
potentiometer,  the  connections  of  which  appear  in  Fig.  i.  It  con- 
sists of  a  non-inductive  resistance  AB,  in  series  with  the  primary 
winding  of  an  induction  coil  BC,  an  adjustable  portion  of  the 

^ "  Die  elektrichen  Vorgange  in  den  Fernsprechleitungen  und-Apparaten," 
by  Ad.  Franke,  Berlin,  1891.  Thesis  towards  the  Doctorate  at  Berlin  Uni- 
versity. 

*"The  Use  of  the  Potentiometer  on  Alternating-Current  Circuits."  Phil. 
Mag.,  Vol.  17,  p.  402,  Mar.,  1909;  also  Proc.  Phys.  Soc,  London,  Vol.  21,  p.  561, 
1909;  also  The  Electrician,  Vol.  63,  p.  8,  April  16,  1909;  and  Vol.  71,  pp.  687- 
690,  Aug.  I,  1913. 

*"A  planevector"  may  be  defined  as  a  geometrically  directed  complex 
quantity  in  a  plane  of  reference,  and  subject  to  the  laws  of  complex  arith- 
metic, as  distinguished  from  a  "vector"  which  is  subject  to  the  laws  of  vector 
arithmetic  and  is  not  necessarily  confined  to  a  plane.  In  this  paper,  the  term 
"  vector  "  is  used  as  an  abbreviation  for  "  planevector." 

*  A.  Larsen :  "  Der  Komplexe  Kompcnsator,  ein  Apparat  zur  Messung  von 
Wechselstromen  durch  Kompensation."  P.lck.  Zcitschrift.  13th  Oct.,  1910, 
Vol.  31,  pp.  1039-1041  ;  also  The  Electrical  World,  Vol.  56,  Nov.  3,  1910,  pp. 
1085-1088. 
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secondan'  winding  being  connected  in  series  with  an  adjustable 
portion  of  the  resistance  AB.  so  that  the  vector  sum  of  the  resist- 
ance drop  in  AB  between  Mi  and  K^,  and  the  mutual  reactance 
drop  between  M2  and  K,,  shall  be  equal  to  the  planevector  p.d. 
to  be  measured,  between  leads  PiPo.  as  determined  by  silence  in 
the  telephone. 

The  construction  of  a  resistance-mutual-inductance  poten- 
tiometer, on  the  Larsen  principle,  was  taken  up  in  1916,  in  the 
electrical-engineering  research  laboratories  of  the  Massachusetts 
Institute  of  Technology,  by  Mr.  Alfred  E.  Hanson,  in  his  thesis 

Fig.  I. 


Connections  of  Larsen  potentiometer. 

work  towards  a  master's  degree.    In  connection  with  this  thesis,^ 
the  new  type  of  potentiometer  here  described  was  designed. 

A^cw  Instrument. — The  electrical  connections  of  the  new 
instrument  are  indicated  in  Fig.  2,  and  are  in  all  essentials  the 
same  as  in  Fig.  i.  The  resistance  OA  contains  50  ohms,  in  short 
coils,  of  la-Ia  wire,  wound  both  anti-inductively  and  anti-conden- 
sively,  and  also  a  short  length  of  slide  wire  of  0.5  ohm.  The 
mutual  inductance  coil  has  two  equal  copper  windings,  each  having 
8.8  ohms  resistance  at  20°  C,  and  3.9  millihenrys  self -inductance. 

* "  The  Design  and  Construction  of  an  Alternating-Current  Potentiom- 
eter," by  Alfred  E.  Hanson.  September,  1916;  a  Thesis  towards  the  degree  of 
M.S.  in  Electrical  Engineering  at  the  Mass.  Inst,  of  Technology. 
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The  mutual  inductance  between  the  two  windings  is  approximately 
3.85  millihenrys.  The  p.d.  to  be  measured  is  connected  to  the 
terminals  pp'.  A  vibration  galvanometer  ]\G.  serves  as  the 
balance  indicator. 

Fig.  2. 
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Diagram  of  connections  in  new  potentiometer. 

Fig.  3  shows  the  general  appearance  of  the  Hanson  form  of 
potentiometer.  The  dial  switches  A  and  B  control  the  resistance 
taps;  while  the  slider  C,  moving  over  the  resistance  wire,  serves 
for  a  fine  adjustment  of  resistance.  The  dial  switches  E,  F,  and 
G,  control  secondary  taps  in  the  mutual  inductor,  E  being  for 
200  turns  per  step,  F  20  turns  per  step,  and  G  2  turns  per  step. 
A  fraction  of  one  turn  may  be  added,  by  turning  the  handle  f,  as 
will  be  described  later. 

The  interior  of  the  mutual  inductance  box  is  shown  in  Fig.  4. 
The  winding  is  toroidal  in  form,  comprising  41  wooden  sectors 
of  suitable  taper,  as  shown  in  Fig.  5b.  The  dimensions  of  one 
sector  appear  in  Fig.  5a. 

Fach  sector  is  first  wtnmd  with  a  primary  winding  of  50  turns 
of  No.  21  B.  and  S.  gage  double  silk-covered  copper  wire  (bare 
diam.  0.72  mm.)  in  2  layers  of  25  turns  each.  Over  this  primary 
winding  is  laid  one  layer  of  varnished  cambric  insulation.  Over 
this  insulation  is  a  secondary  winding,  also  50  turns  of  the  same 
size  wire,  in  2  layers  of  25  I  urns  each.  In  some  of  the  bolibins, 
taps  have  to  be  brought  out  from  the  secondary  winding.  The 
mean  diameter  of  the  toroid  is  36.(S  cm.  When  all  the  sectors 
are   assembled,    and    connected    in    scries,    the    winding    forms   a 
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Fig.  :,. 


General  view  of  potentiometer. 

Fig.  4 
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Fig.  5a. 


Details  of  one  sector  of  the  mutual  inductor.     Dimensions  in  millimeters. 

Fig.  5b. 


Pliin  (liaKram  of  toroidal  mutual  inductor.     Dimensions  in  millimeters., 
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closed  circular  solenoid  with  wooden  core,  devoid  of  screws  or 
other  metallic  attachments.  A  wooden  disk  dd,  Fig.  4,  serves  to 
support  all  the  individual  sectors  in  their  proper  places,  when 
glued  in  position  at  DD.  The  advantages  of  the  toroidal  form  of 
winding  are,  first,  that  the  external  magnetic  field  is  then  negligibly 
small,  so  that  the  primary  current  produces  no  appreciable  stray 
field  in  the  neighborhood  of  the  apparatus;  and  second,  that  with 
accurate  mechanical  construction,  the  mutual  inductance  between 
the  primary  winding  and  the  secondary  coils  should  be  propor- 
tional to  their  numl^er  of  turns.     One  of  the  individual  wooden 

Fig.  6. 
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sectors  is  shown  at  e,  held  in  a  winding  clamp.  The  handle  / 
connects  mechanically,  by  a  spindle,  wath  a  single  turn  of  second- 
ary winding,  situated  in  a  hollow  space  at  the  centre  of  the  core, 
l^etween  tw'o  adjacent  coil  sectors.  The  range  of  rotation  of  /, 
between  the  limits  of  -90°  and  +90°,  or  half  a  turn,  provides  the 
same  total  change  of  mutual  inductance  as  one  step  in  the 
lowest  dial. 

Rectangular  Range  of  Instrument. — Fig.  6  is  a  rectangular- 
coordinate  diagram,  indicating  the  range  in  impedance  available 
with  the  apparatus  for  potentiometer  measurement.  The  resist- 
ance 0/^  =  50.5  ohms,  and  at  0^=10,000  radians  per  second 
(/=  1591  o^),  y  Mm-j  38.5  ohms.  At  any  other  frequency,  the 
value  of  the  mutual  reactance  will  be  varied  proportionately. 
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Any  impedance  at  oj=:  10,000,  within  the  area  ORAX  on  the 
diagram,  can  be  covered  by  tlie  simple  series  connection  of  resist- 
ance and  secondary  winding  shown  in  Fig.  2. 

Fig.  7  is  a  similar  rectangular  coordinate  diagram,  indicating 
the  range  in  planevector  voltage  available  with  the  apparatus  for 
potentiometer  measurement.  If  the  r.iii.s.  current  Ip  supplied 
to  the  instrument,  is  o.  i  ampere,  or  100  milliamperes,  taken  at 
standard  phase,  and  also  at  the  frecjuency  of  reference  (a- 
10,000),  the  voltage  that  can  be  covered  in  the  first  quadrant  is 

Fig.  7. 
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comprised  within  the  rectangle  ORAX,  and  so  the  maximum 
p.d.  within  reach  of  the  potentiometer  is  5.05 +;  3.85  volts. 
At  any  other  current  strength,  the  voltage  developed  in  the 
apparatus  will  be  varied  proportionately.  Any  voltage  within 
the  field  ABCD,  Fig.  7,  can  similarly  be  covered  at  w=  10,000, 
and/;,  =  0.1  ampere,  by  suitably  reversing  either  the  R  or  jX 
components,  or  both.  These  reversals  arc  easily  made,  by  means 
of  switches  ;  and  k,  Fig.  4. 

Electrical  Connections. — The  full  connections  (^f  the  instru- 
ment are  indicated  in  Fig.  8.  The  coil  C  is  the  secondary  wind- 
ing of  an  oscillator  of  adju.stable  frequency,  which  supplies  testing 
current  to  the  apparatus.  The  resistance  R'  and  the  condenser  C 
are  used  to  adjust  the  potentiometer  current  in  size  and  in  slope. 
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The  s\\-itch  j  serves  to  reverse  both  7^  and  jX.  The  switch  k  reverses 
jX  separately.  5  is  a  compensating  rheostat,  so  arranged  as  to 
keep  the  total  resistance  in  the  circuit  constant,  while  changing  the 
resistance  between  the  tapping  points.  The  unknown  p.d.  is 
connected  to  the  terminals  pp\  The  vibration  galvanometer,  by 
means  of  which  a  balance  is  secured  between  the  adjusted  and 
unknown  vector  p.d.s,  is  indicated  at  V.G. 

Method  of  Measurement. — The  vibration  galvanometer  is  at 
first  heavily  shunted,  and  is  tuned  to  maximum  response  for  the 
impressed  frequency.  The  correct  quadrant  to  employ  is  first 
found  by  using  switches  ;  and  k.  Successive  adjustments  are  then 
made  in  R  and  jX,  until  the  vibration  galvanometer  deflection  is  a 


Fig.  8. 
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minimum.  The  galvanometer  shunt  is  now  reduced,  and  the 
adjustments  of  R  and  jX  repeated,  until  a  sufficiently  satisfactory 
zero  balance  has  been  obtained  on  the  galvanometer. 

Absolute  and  Relative  Measurements  of  P.D. — Two  general 
methods  are  available  for  use  with  potentiometers  such  as  the 
one  here  described ;  namely, 

(i)   The  method  of  absolute  potential  differences,  secured  by 
passing  a  measured   constant  current  through   the 
potentiometer,  which  current  is  taken  as  of  standard, 
phase. 
(2)   The  method  of  relative  potential  differences,  secured  by 
passing  a  constant,  but  unmeasured  current,  through 
the  potentiometer,  whose  readings  are  then  uncali- 
brated,  but  which  become  capable  of  calibration,  by 
being  compared  with  the  reading  across  a  certain  im- 
pedance   which    is    maintained    as    a    standard    of 
reference. 
The  first  method  has  the  advantage  that  it  enables  the  potenti- 
VoL.  188,  No.  1 123 — 2 
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ometer  readings  to  be  stated  directly  in  rectangular-coordinate 
volts.  It  has,  however,  the  disadvantage  of  requiring  the  meas- 
urement of  the  potentiometer  current  to  an  even  greater  degree 
of  precision  than  that  aimed  at  in  the  potentiometer  work. 

In  most  laboratory  measurements  of  alternating  p.d.,  relative 

Fig.  9. 


GROUND 

Simplified  diagram'of  connections,  showing  the  rectangular  potentiometer  P  arranged  for 
exploration  of  the  potential  distribution  over  the  working  circuit  W. 

values  only  are  required,  and  thus  it  is  the  ratio  of  two  measured 
voltages  which  is  of  immediate  importance.  Such  ratios  can  be 
determined  by  the  relative  method,  without  the  necessity  of 
measuring  the  potentiometer  current.  The  absolute  method  has, 
however,  to  be  resorted  to,  when,  as  in  iron-cored  instruments 
carrying  alternating  currents,  the  impedance  is  a  function  of  the 
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current  strength,  and  therefore  departs  from  Ohm's  law.  In  all 
measurements  of  p.d.  in  circuits  which  obey  Ohm's  law,  the 
second  or  relative  method  is  to  be  preferred.  Both  methods  of 
using  the  new  instrument  have  been  tried.*^  In  the  absolute 
method,  the  potentiometer  current  was  measured  by  a  differen- 
tial dynamometer."  This  plan  was  found  to  work  well,  although 
a  considerable  amount  of  care  was  required  for  the  measurement 
of  the  potentiometer  current.  In  the  progress  of  the  experimental 
work,  however,  the  relative  method  was  found  to  be  increasingly 
advantageous. 

The  essential  connections  of  the  second  or  relative  method  are 
presented  in  Fig.  9.  The  oscillator  coil  or  source  of  alternating 
emf.  is  marked  O.  This  coil  is  inductively  connected  with  each 
of  two  circuits;  namely  (i)  the  potentiometer  circuit  P,  and  (2) 
the  tested  or  working  circuit  W.  The  P  circuit  contains  the 
tuning  condenser  C\  and  the  adjustable  resistor  R' ,  as  well  as 
the  potentiometer  ahc.  The  W  circuit  may  contain  any  set  of 
apparatus  in  which  potential  differences  are  to  be  measured.  As 
shown  in  the  figure,  the  p.d.  at  the  terminals  AD  is  being  led  to 
the  potentiometer  through  the  tuned  vibration  galvanometer  VG. 
In  the  second  or  relative  method  of  testing,  the  drop  of  potential 
between  terminals  B  and  C  on  resistance  r  may  be  used  as  the 
standard  p.d.  Then  if  the  device  to  be  tested  in  the  working  cir- 
cuit is  the  condenser  c,  the  terminals  AB  can  be  connected  imme- 
diately afterwards  to  the  potentiometer.  As  will  be  shown  later, 
it  is  important  to  maintain  a  ground  connection  at  the  point  A. 
Consequently,  the  drop  across  any  single  element,  such  as  BC, 
is  obtainable  as  a  vector  difference  between  that  across  AC  and 
that  across  AB. 

Let  r  be  the  standard  impedance  of  known  slope  (which  in  the  case 
of  a  strictly  non-inductive  resistance  would  be  zero)  (ohms  Z  ) 
Z  be  the  unknown  impedance  of  the  condenser  c  to  be  measured 
(ohms  Z  ) 

Ip  be  the  r.m.s.  current  in  the  potentiometer  circuit  (amperes  Z   ) 
7p{-be  the  r.m.s.  current  in  the  working  circuit  (amperes  Z  ) 
i?i  +  jXi  the  reading  of  the  potentiometer  across  terminals  AC. 
i?2  +  jX2  the  reading  of  the  potentiometer  across  terminals  AB. 

' "  Alternating-Current  Potentiometry  at  Telephonic  Frequencies,"  by  Edy 
Velander;  a  thesis  towards  the  A.M.  degree  at  Harvard  University,  June,  1918. 

^ "  Precise  Measurements  of  Alternating  Currents,"  by  C.  O.  Gibbon,  Elec- 
trical World,  May  11,  1918,  pp.  979-981. 
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Then  the  drop  across  the  standard  resistance  r  will  be 

Ip{R,  +  jX,)—Ip{R,  +  iX,)  =Ip{Ro  +  jXo)  =/t,r.. volts  Z  (i) 

In  the  AB  connection,  we  have 
Ip  (R2  +  jXt)  =  /jjZ volts  z  (2) 

Dividing  (2)  by  (i) 

Z         Rl  +jXl  ■       y    ,     , 

T  "  R  4-,-y    numeric  Z  (3) 

This  procedure  assumes  that  Ip  remains  the  same  in  both 
tests,  and  also  I-^.  When,  however,  a  high  degree  of  accuracy  is 
required,  this  assumption  cannot  be  made.  Suppose  that  in  the 
first  test /'pis  the  vector  potentiometer  current,  and  /',jthe  vector 
working  current.  Next  suppose  that  when  the  second  measure- 
ment is  made,  both  the  sizes  and  the  slopes  of  these  currents  may 
have  slightly  changed,  so  that  /"pis  the  new  potentiometer  cur- 
rent, and  r'-^^r  the  new  working  current.  Then  rewriting  ( i )  and 
(2)  accordingly,  we  have 

Z+rl'w       Ri+jXi      I'p  •      //.A 

JTT-  =  p    I  -y    •   777- numeric  Z  (4) 

r      i"w      R2-\-jXi     I  p 

If,  however,  the  potentiometer  current  and  the  working  current 
vary  together,  so  that  the  vector  ratios  remain  equal : 

r  w     I'  p  ■     ,  ,  s 

jrr^  =  Jn-p numeric  Z  (5) 

Then  equation  (3)  will  still  hold.  If,  then,  the  mutual  inductances 
between  the  primary  coil,  and  each  of  the  two  secondary  coils 
Kp  and  Kw  remain  constant,  also  the  mutual  inductance  between 
Kp  and  K^r  ',  likewise  the  impedance  in  each  of  these  circuits; 
then  any  variation  of  current  in  the  primary  coil,  due  to  unsteadi- 
ness in  the  oscillator,  will  not  affect  the  vector  ratios  of  equation 
(5),  and  will  therefore  not  affect  formula  (3).  If,  however, 
the  frequency  impressed  by  the  oscillator  varies,  then  the  above 
reasoning  will  not  hold,  and  the  method  will  be  vitiated.  It  is 
therefore  necessary  that  the  frequency  should  be  maintained 
constant  within  satisfactorily  close  limits.  It  should  be  noted 
that  during  a-c  potentiometer  tests,  no  appreciable  change  should 
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be  made  in  the  load  upon  the  oscillator;  because  any  change  in  this 
load  produces  some  corresponding  change  in  the  oscillator 
frequency. 

Frequency  Measurements. — It  will  be  evident  from  the  fore- 
going, that  careful  measurements  of  the  impressed  frequency 
are  necessary  in  the  use  of  the  a-c  potentiometer. 

Probably  the  simplest  device  for  the  measurement  of  the 
impressed  frequency  is  the  Campbell  condenser  and  mutual  induct- 
ance branch  circuit  ®  of  Fig.  10.  Here  n  condenser  of  C  farads 
is  shunted  by  the  secondary  coil  of  a  mutual  inductance  of  M 
henr}-s  and  a  vibration  galvanometer  VG.    One  or  both  of  these 

Fig.  10. 


Campbell  frequency-measuring  arrangement. 


elements  is  varied,  until  the  galvanometer  shoves  no  current.   We 
then  have,  if  /  is  the  vector  current  in  the  circuit  (amperes  Z) 


whence 


jMc.)I+I~=0. 


.  volts  Z  (6) 


I 


V  MC 


.radians  /  sec.  (7) 


Strictly  speaking,  this  zero  current  in  the  vibration  gal- 
vanometer can  only  be  secured  if  (i)  there  is  no  effective  resist- 
ance in  the  condenser,  and  (2)  no  effective  capacitance  in  the 
secondary  coil.  Owing  to  the  great  difficulty  of  securing  these 
conditions,  to  the  necessary  degree  of  precision,  a  sharp  zero 
balance  is  hard  to  obtain.  The  modification  of  connections  shown 
in  Fig.  1 1  enables  this  difficulty  to  be  overcome.  A  large  resist- 
ance R,  ol  say  2000  ohms,  is  connected  through  an  adjustable 
small  inductance  /,  as  a  shunt  to  both  the  condenser  and  mutual- 
inductance  primary.    The  secondary  is  led  through  the  vibration 

*A.  Campbell.    Phil.  Mag.,  May,  1908,- Vol.  15,  p.  166. 
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galvanometer  to  an  adjustable  tap  on  the  resistance.  If  the  con- 
denser current  is  represented  by  I cT.m.s.  amperes  /_ ,  and  the  cur- 
rent in  the  resistance  by  /^j  r.m.s.  amperes  Z  ,  then  withy^gr.w.s. 
volts  Z  as  the  p.d.  between  A  and  B,  at  balance, 


/  =  ^^^ 


I  \ amperes  Z  (8) 


and 

^R  =  R+]U> amperesZ(9) 

r  being  the  effective  resistance  of  the  secondary  winding  in  ohms. 
The  p.d.  in  the  galvanometer  circuit  will  be 

jMo)rc+kRIj^=0 volts  Z  (lo) 

where  kR  is  the  resistance  included  between  B  and  the  tapping 
point.  After  this  zero  balance  has  been  obtained,  first  by  assign- 
ing k  and  C,  with  a  final  adjustment  in  M  and  /,  we  have 

I 

radians  /  sec.  ( 1 1 ) 


V<^+f) 


with  the  further  condition  that  /  has  had  to  be  adjusted  to 

l  =  CRrll  +^\ henrys  (12) 

This  method  enables  a  sharp  balance  to  be  obtained  at  the  expense 
of  the  additional  adjustments.  Moreover,  since  i/k  may  con- 
veniently be  made  a  large  number,  C  and  M  can  both  be  kept 
reasonably  small,  even  at  low  frequencies. 

The  same  connections  are  presented  in  Fig.  12,  under  the 
form  of  a  generalized  Heaviside  bridge.  Formulas  (8)  to  (12) 
apply  equally  well  to  this  case. 

In  both  Figs.  11  and  12,  a  ground  connection  is  indicated  in 
the  frequency  measuring  set,  at  the  point  B.  As  will  be  men- 
tioned in  connection  with  sources  of  error  in  the  use  of  the 
potentiometer,  the  selection  of  a  proper  ground  point  is  vital  to 
the  accuracy  of  the  measurements.  At  frequencies  higher  than, 
say,  100  cycles  per  second,  parasitic  alternating  currents,  due  to 
distributed  capacitance  in  the  apparatus,  play  an  increasingly 
prominent  part.  At  very  high  frequencies,  such  parasitic  cur- 
rents may  even  swamp  the  working  current.  Either  the  point  ./, 
or  the  point  B  may  be  grounded  in  Figs,  ii  and  12;  but  prefer- 
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GROUND 

Preferred  modification  of  frequency  measarer. 


GROUND 


Bridge  arrangement  of  connections  in  Fig.  ir. 


Fig.  13. 
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4-00  VOLTS. 

Pliotron  connections;  skeleton  plan  of  connections. 
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ably  B,  owing  to  the  preponderating  distributed  capacitance  of 
the  mutual  inductor. 

Oscillator. — A  convenient  set  of  vacuum-tube  generator  con- 
nections appears  in  Fig.  13.  F  is  a  3-electrode  vacuum-tube  of 
a  pliotron  oscillator  or  similar  type,  with  its  plate,  grid  and  fila- 
ment. The  main  oscillation  circuit  consists  of  the  adjustable 
condenser  C  and  inductance  L.  The  grid-coil  secondary  winding 
FG  supplies  the  oscillating  excitation  to  the  grid.     The  secondary 


Fig.  14. 
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/FILAMENT 
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GROUND 

Arrangement  of  the  pliotron  as  a  generator. 


GENERATOR 


MOTOR 


winding  AB  may  be  connected  to  the  potentiometer  circuit.  Sev- 
eral such  secondary  coils  may  be  used.  The  continuous  enif. 
may  be  supplied  l)y  a  small  dynamo  generator.  If  possible,  this 
generator  should  be  driven  by  a  motor  actuated  by  storage  battery 
for  steadiness  of  action.  An  auxiliary  condenser  of  o/j,/  serves 
as  a  high-frequency  bridge  across  the  inductance  of  the  generator. 
A  more  detailed  set  of  connections,  showing  an  actual  arrange- 
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ment  employed,  appears  in  Fig.  14.  In  this  case,  240  volts  of 
continuous  plate  oiif.  was  derived  from  a  storage  battery,  and  160 
volts  from  a  generator  which  was  storage-battery-motor  driven, 

A  Vreeland  oscillator  was  also  used  in  the  earlier  measure- 
ments. This  apparatus  is  too  well  known  to  need  special  descrip- 
tion. With  the  Vreeland  oscillator  employed,  the  available  range 
of  frequency,  without  external  auxiliary  apparatus,  was  from 
400^  to  2500-0.  With  the  pliotron  oscillator,  the  available  range 
of  frequency  was  limited  only  by  the  capacitances  and  inductances 
employed  in  the  oscillation  circuit. 

Vibration  Galvanometer. — In  nearly  all  of  the  measurements 
made  with  the  apparatus,  a  Duddell  bifilar  vibration  galvanometer, 
adapted  for  use  up  to  a  frequency  of  2000^,  was  employed  as 
the  balance  detector.  This  served  the  purpose  satisfactorily 
when  properly  tuned  to  the  impressed  frequency.  When  p.d. 
measurements  are  made  upon  apparatus  of  high  internal  impe- 
dance, a  detector  of  greater  sensitivity  and  corresponding 
impedance  w-ould  be  preferable.  A  pair  of  head  telephones  of 
suitable  impedance  were  found  to  work  well  in  such  cases.  A 
cr)-stal  detector  wath  d-c.  galvanometer  was  also  used  successfully. 

Example  of  the  Use  of  the  Instrument  in  a  Simple  A-C.  Cir- 
cuit.— As  an  example  of  the  measurements  that  may  be  made 
with  the  instrument,  we  may  consider  the  simple  series  circuit 
ABCDEF  in  Fig.  15,  consisting  of  a  fixed  mica  condenser  AB 
of  i.o  microfarad,  in  series  with  an  anti-inductive  metallic  resist- 
ance EC  of  200  ohms,  followed  by  a  non-ferric  inductance  CD 
of  100  millihenrys  and  22.2  ohms,  followed  again  by  an  anti- 
inductive  resistance  DE  of  200  ohms  similar  to  EC,  and  finally 
by  a  second  mica  condenser  EF  of  i.o  microfarad. 

The  electrical  connections  for  exploring  the  potentials  along 
the  work  series  AF,  Fig.  15,  are  indicated  in  Fig.  9.  When 
using  the  absolute  method,  the  differential  dynamometer,  Dy, 
measures  the  r.m.s.  alternating  current  strength  supplied  in  the 
potentiometer  circuit,  and  thus  furnishes  the  voltage  scale  E  =  IR 
+jIX,  obtained  for  any  reading  of  i?  and  jX.  Fig.  16  shows  the 
results  actually  obtained  in  this  way,  at  an  impressed  frequency 
of  500-^,  with  a  current  of  0.020  ampere  in  the  potentiometer 
circuit.  The  grounded  point  A  was  kept  fixed,  and  measurements 
were  made  by  shifting  the  lead  of  the  tuned  vibration  galva- 
nometer along  the  points  B,  C,  D,  E  and  F  in  succession.  These 
vector  p.d.s  are  indicated  in  Fig.  16  by  the  vectors  AB,  AC  .   .   . 
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AF,  respectively. 


The  straight  Hnes 


connecting  the  adjoining 


pairs  of  points  BC,  CD,  DE  and  EF  on  the  diagram,  then  become 
the  inferred  vector  potential  drops  in  the  successive  elements  of 
the  circuit,  all  presented  to  the  particular  phase  of  the  potentiome- 
ter current  as  standard. 

It  will  be  observed  that  the  lines  BC  and  DE  are  parallel. 
The  direction  of  these  lines  shows  the  phase  of  the  current  in  the 
working  circuit,  assuming  that  the  anti-inductive  resistances  BC 
and  DE  may  be  regarded  as  pure  resistances,  at  the  test  frequency 

Fig.  15 


R=  200  ohm. 


D 


L=  0.10  h. 

*t=  22.2  ohm. 


R=2oo  ohm. 


C=  1       uf. 


Simple  series  circuit  explored, 

of  500  cA.  The  lines  AB  and  EF  on  the  diagram  are  also  parallel 
to  each  other,  and  are  perpendicular  to  the  lines  BC  and  DE. 
This  shows  that  the  voltages  at  the  terminals  of  the  condensers  lag 
substantially  90°  behind  the  current  in  the  working  circuit,  accord- 
ing to  the  regular  theory.  The  line  CD  is  the  drop  in  the  induct- 
ance coil,  and  may  be  analyzed  into  two  mutually  perpendicular 
components;  namely,  D'D  in  phase  with  the  current,  due  to  the 
presence  of  resistance,  and  CD'  in  leading  quadrature  with  the 
current,  due  to  the  inductive  reactance  of  the  coil. 

If  we  replot  the  diagram  to  working-current  standard  phase, 
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as  in  Fig.  17,  we  rectify  the  diagram  by  a  virtual  rotation  of 
approximately  65'^  in  the  clockwise  direction.  The  various  volt- 
age drops  are  then  read  off,  to  rectangular  coordinates,  in  the 
customary  manner. 

The  diagram  of  Fig.  17  g^ves  a  correct  presentation  of  the 
voltage  drops  in  each  or  any  series  combination  of  the  elements 
in  the  working  circuit,  provided  that  the  potentiometer  current 
Ip  has  been  measured.   In  order  to  evaluate  the  impedance  of  the 


Fig.  16. 
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Distribution   of  planevector   voltage  along  series  AF ,    Fig.  15,   at  500  i/^,  to  potentiometer 
current  standard  phase. 

corresponding  elements,  it  becomes  also  necessary  to  know  either 
the  magnitude  of  1^^,  the  working  current;  or,  the  vector  impe- 
dance of  one  of  the  elements.  Thus,  if  the  resistance  BC  is 
a  standard  resistance  of  200  ohms,  the  scale  of  the  entire  diagram 
can  be  interpreted  in  ohms.  It  should  be  observed  that  the 
measurement  of  7p,  the  potentiometer  current,  with  R  and  jX,  is 
insufficient  to  determine  the  impedances  of  the  elements  in  the 
working  circuit,  and  that  while  it  would  be  possible  to  measure 
both  I^  and  7p,  this  double  operation  becomes  burdensome  and 
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unnecessary,  so  that  the  use  of  the  instrument  naturally  leads  to 
the  relative  method  of  measurement,  in  which  no  current  strength 
has  to  be  determined,  but  a  standard  impedance — preferably  a 
standard  pure  resistance — is  included  in  the  working  circuit. 
Measured  potential  drops  on  unknown  impedances  are  then 
referred  to  the  measured  drop  on  this  standard,  as  a  working  unit. 

Fig.  17. 
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Distribution  of  planevector  voltage  in   Fig.  16,  referred  to  working  current  standard  phase. 

Sources  of  Error  and  Their  Elimination. — It  is  impossible 
to  work  for  any  length  of  time  with  any  a-c.  potentiometer  at  a 
telephonic  frequency,  without  encountering  discrepancies  in  the 
measurements,  which  are  attributable  to  the  well-known  disturb- 
ance from  parasitic  currents  in  the  distributed  capacitance  of 
the  tested  apparatus.  The  first  step  in  the  elimination  of  these 
superposed  parasitic  currents  is  to  ground  a  suitable  point  in 
the  working  circuit,  so  as  to  bring  that  point  to  zero  potential, 
and  prevent  the  distributed  capacitance  in  the  immediate  neigh- 
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borhood  of  that  point  from  producing  a  parasitic  condenser  cur- 
rent. In  general,  the  ground  should  be  established  at  one  end 
of  the  range  of  the  elements  in  the  working  circuit  to  be  measured. 
As  an  example.  Fig.  9  shows  a  ground  established  at  the  point  A. 
Suppose  that  the  ground  is  established  at  the  junction  B  of  two 
impedances  AB  and  BC  to  be  compared,  such  as  Zj  and  Zj  in 
Fig.  18,  and  that  I^-  is  the  working  current  in  the  absence  of 
distributed  capacitance,  and  therefore  equal  in  the  two   impe- 

FlG.  18. 


4^      B 
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GROUND 

Diagram  illustrating  the  effect  of  improper  grounding. 

dances.  The  current  i\  in  Z^  represents  a  small  parasitic  current 
of  a  certain  magnitude  and  phase  escaping  to  ground  at  B,  while 
the  current  i"c  in  Zg  is  a  similar  small  parasitic  current  which,  in 
general,  will  have  a  different  magnitude  and  phase,  also  escaping 
to  ground  at  B.  The  resultant  working  currents  in  the  two 
impedances  will  then  be  the  vector  sums  (/„.  +  i'J  and  (/^— i"c) 
amperes,  respectively.  The  ratio  of  the  potential  drops  in  the  two 
impedances  will  then  be 

jlw  +  i'  c)Zi 
{Iw—i"c)Z2 

which,  in  general,  will  dififer  from  the  required  ratio,  ■^i  by  an 
unknown  amount.  '^'^ 

In  cases  where  the  quantity  to  be  determined  is  a  potential 
difference  distribution,  rather  than  an  impedance  comparison,  the 
importance  of  a  proper  grounding  point  in  the  working  circuit  is 
equally  great.  It  is  evident  that,  as  a  general  rule,  during  a  set 
of  p.d.  measurements  on  the  same  working  circuit,  the  grounded 
point  should  not  be  shifted.  This  is  for  the  reason  that  when 
the  ground  connection  is  shifted,  the  potential  of  all  points  along 
the  circuit  with  respect  to  the  ground  is  varied,  thereby  changing 
the  entire  distribution  of  parasitic  currents. 
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An  experimental  example  of  the  effect  of  shifting  the  ground 
connection  in  a  working  circuit  appears  in  Fig.  19.  Here  a 
standard  resistance  box  of  100,000  ohms,  in  10  series  coils  of 
10,000  ohms  each,  was  inserted  in  the  working  circuit,  as  shown 
in  Figs.  20a  and  20b.  In  Fig.  20b,  the  vibration  galvanometer 
connection  to  the  potentiometer  is  carried  permanently  to  the 
end  B  of  the  resistance  box.  Since  it  is  manifestly  inadmissible 
to  establish  a  ground  connection  on  this  lead,  as  it  would  bring 
parasitic  current  directly  through  the  galvanometer,  the  ground 
has  to  be  established  at  t,  the  travelling  lead  to  the  potentiometer. 

Fig.  19. 


Distribution  of  plancvector  voltage  along  ioo,ooo-ohm  resistance  box.  Small  circles  in- 
dicate observed  values,  crosses  indicate  computed  values,  assuming  that  each  section  of 
the  box  subtends  a  hyperbolic  angle  of  0.08  /  45°  hyp.  ladian. 


This  involves,  however,  a  change  in  the  distribution  of  potential 
and  capacitance  current  at  each  change  in  the  position  of  T.  The 
result  is  shown  in  the  broken  curve  i',  2',  3'  of  Fig.  19.  The 
curve  of  p.d.  between  A  and  B,  Fig.  20,  should  evidently  be  a 
uniform  straight  line  Oio'  in  Fig.  19.  The  presence  of  the 
changing  parasitic  current  distribution  ai)ptars  to  have  been 
responsible  for  the  erratic  curve  shown.  Assuming  that  the  p.d. 
across  the  entire  resistance  box  is  correctly  represented  by  the 
vector  Oio',  Fig.  19,  then  all  of  the  intermediate  p.d.s  should  be 
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situated  along  this  straight  Hne;  whereas  the  actually  measured 
fy.d.s  from  O  to  the  successive  points  i,  2,  3,  etc.,  Fig.  20b,  follow 
the  bending  line  i'.  2',  3'  .  .  ..  etc. 

The  connections  were  then  changed  to  those  of  Fig.  20a,  in 
which  the  ground  connection  is  kept  fixed  at  B,  and  the  travelling 

Fig.  20a. 


GROUN  D 

Exploration  by  means  of  the  potentiometer  P,  of  the  voltage  drop  along  a  high-resistance  box 
A  B,   of  100,000  ohms.     Note  correct  position  of  ground-connection  at  B. 


lead  contains  the  vibration  galvanometer.  The  corresponding 
vector  curve  of  p.ds  is  shown  at  i,  2,  3,  4,  Fig.  19,  and  is  a  much 
closer  approximation  to  a  straight-line  vector  OA,  representing  the 
p.d.  over  the  entire  resistance.  This  curve  resembles  in  form 
that  presented  by  an  artificial  cable  when  an  alternating  emf., 
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such  as  OA  Fig.  19,  is  impressed  on  the  sending  end,  while  the 
distant  end  is  grounded.  The  curve  indicates  that  each  section  of 
the  box  subtends  a  small  hyperbolic  angle. 

Applications  of  the  New  Form  of  A-C.  Potentiometer. — A 
large  field  of  experimental  investigation  in  the  laboratory  lies 


Fig.  20b. 


Incorrect'arrangement  of  ground-connection  giving  rise  to  the  erroneous  results 
i',  2',  3' in  Fig.  19. 


Open  to  the  a-c.  rectangular  potentiometer.  The  power  it  con- 
sumes is  a  fraction  of  i  watt,  while  its  range  of  voltage  is 
extensive.  It  enables  the  vector  p.d.  on  different  parts  of  an  alter- 
nating-current instrument,  or  on  different  sections  of  an  alternat- 
ing-current line,  to  be  measured  conveniently.  The  results  are 
also  of  considerable  educational  value  Id  the  student.     It  is  pro- 
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posed  to  coniinunicate  in  another  paper  a  number  of  the  results 
obtained  experimentally  at  various  telephonic  frequencies.^ 

It  should  be  pointed  out  that  the  degree  of  precision  obtainable 
with  the  instrument,  although  very  satisfactory  from  an  alternat- 
ing-current standpoint,  is  not  to  be  compared  with  that  readily  ob- 
tainable from  l:he  d-c.  potentiometer.  This  relatively  low  precision 
is  attributable  to  parasitic  currents  from  distributed  capacitance, 
and  also  to  stray  alternating  magnetic  fields.  If  these  two  sources 
of  error  could  be  eliminated,  the  precision  of  the  instrument  might 
be  of  the  same  order  as  that  of  the  d-c.  potentiometer. 

Suggestions  for  Improvements  in  Construction. — A  weak 
point  in  the  design  of  the  new  instrument  is  the  relatively  high 
internal  capacitance  between  the  primary  and  secondary  windings 
of  the  mutual  inductor,  which,  at  high  frequencies,  tends  to 
produce  impurity  in  the  vector  mutual  reactance  jX.  This  defect 
could  be  reduced  by  increasing  the  insulating  spacing  between  the 
concentric  primary  and  secondary  windings  on  the  toroid.  At 
2000*^^, the  discrepancy  due  to  this  mutual  capacitance  appears  by 
measurement,  in  this  instrument,  to  be  (0.25+;  1.2)  per  cent, 
in  voltage,  but  rapidly  diminishes  as  the  frequency  is  reduced. 
There  is  also  a  weak  point  in  the  toroidal  form  of  mutual  inductor, 
that  although  there  is  negligibly  small  stray  alternating  field 
produced  in  the  apparatus  by  an  exciting  primary  current,  yet 
the  secondary  winding  is  not  exempt  from  the  influence  of  stray 
magnetic  fields  from  external  sources  at  testing  frequency.  Pre- 
cautions should  therefore  be  taken  to  remove  the  apparatus  from 
the  vicinity  of  alternating  magnetic  fields. 

SUMMARY. 

( 1 )  The  principle  of  the  a-c.  rectangular  potentiometer  here 

described  is  not  new,  but  the  form  of  the  instrument 
appears  to  be  new. 

(2)  By  the  use  of  this  instrument,  alternating  p.d.s  can  be 

measured,  to  rectangular  coordinates,  up  to  at  least 
20000^,  with  only  a  small  expenditure  of  power. 

(3)  The  use  of  the  instrument  shows  the  marked  influence  of 

distributed   capacitance  in  a-c.    apparatus,   and   the 
importance  of  reducing  this  disturbing  efifect  when 
measurements  are  made. 
*  Proc.  American  Philosophical  Society,  1919. 
Vol.  188,  No.  1123 — 3 
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(4)  The  importance  of  a  proper  ground  connection  in  the 

working  circuit  is  emphasized. 

(5)  The  a-c.  rectangular  potentiometer  escapes  the  necessity 

of  measuring  the  strength  of  alternating  current  in 
either  the  potentiometer  circuit,  or  the  working  cir- 
cuit, provided  that  the  relative  method  is  used,  and 
that  the  impressed  frequency  is  maintained  constant. 

(6)  Owing  to  the  effects  of  distributed  capacitance,  the  volt- 

age distribution  in  a  simple  series  resistance  box, 
carrying  alternating  currents,  fails  to  follow  a  vector 
straight-line  law.  The  deviation  tends  to  increase  with 
the  impressed  frequency. 

(7)  The    importance   of    reducing   the    mutual    capacitance 

between  the  concentric  primary  and  secondary  wind- 
ings of  the  toroidal  induction  coil,  at  high  frequen- 
cies, is  emphasized  as  the  result  of  experimental  tests. 


Analysis  of  Statically  Indeterminate  Structures  by  the  Slope 
Deflection  Method.  M.  W.  Wilson,  F.  E.  Richart  and  Camillo 
Weiss.  {Bulletin  No.  108,  Engineering  Experiment  Station,  Uni- 
versity of  Illinois,  ipip-) — In  recent  years  rectangular  steel  frames 
with  riveted  joints  have  been  used,  and  many  types  of  monolithic 
reinforced  concrete  frames  have  been  developed.  The  use  of  stati- 
cally indeterminate  stresses  cannot,  accordingly,  always  be  avoided. 
Structures  are  frequently  made  of  an  indeterminate  type  to  secure 
economy  of  material.  It  is  felt  that  analyses  of  statically  indetermi- 
nate structures  are  desirable  since  such  information  will  do  much  to 
inspire  confidence  in  the  reliability  and  in  the  economy  of  such 
structures. 

An  investigation  of  statically  indeterminate  structures  has  been 
conducted  by  the  Engineering  Experiment  Station  of  the  University 
of  Illinois  to  obtain  a  convenient  method  of  analyzing  the  moments, 
stresses  and  deflections  for  a  number  of  typical  structures.  The 
analyses  were  based  upon  the  assumptions  that  the  connections  are 
perfectly  rigid,  that  the  length  of  a  member  of  a  rectangular  frame 
is  not  changed  by  axial  stress  and  that  the  shearing  deformation 
is  zero.  The  method  has  been  explained  in  sufficient  detail  to  enable 
the  designing  engineer  to  use  it  in  the  solution  of  his  problems. 
It  is  believed  that  the  fundamental  principles  presented  may  be 
readily  coordinated  with  the  ordinary  principles  of  mechanics  so 
that  the  more  complex  and  even  the  simpler  problems  may  be 
studied  from  a  new  viewpoint. 


THE  PHENOMENA  OF  DRYING  WOOD.* 

An  Analysis  of  the  Internal  Stresses  Which  Occur  in 
Wood  During  the  Progress  of  Drying  from  the  Green 
Condition,  with  a  Brief  Discussion  of  the  Physical 
Properties  Which  Affect  These  Stresses. 

BY 

HARRY  D.  TIEMANN,  M.E.,  M.F. 

Physicist  and  Dry  Kiln  Specialist,  U.  S.  Forest  Service. 
INTRODUCTION. 

But  little  knowledge  exists,  either  among  skilled  artisans 
working  with  wood  or  among  scientists,  concerning  the  phenom- 
ena which  take  place  accompanying  the  extraction  of  moisture 
from  the  green  condition  to  the  perfectly  dry  state.  The  U.  S. 
Forest  Service  has  devoted  years  of  study  to  this  subject  and 
has  derived  many  interesting  facts  and  conclusions,  although  there 
is  still  much  to  be  learned. 

I  will  attempt  to  present  here  a  complete  summary  of  the 
main  facts  as  far  as  known,  together  with  a  brief  attempt  to 
show  the  relationship  of  the  stresses  mathematically.  Just  how 
the  water  passes  through  the  wood,  from  the  centre  to  the  surface, 
whether  by  capillary  action,  flow,  or  by  repeated  vaporization  and 
condensation  or  a  combination  of  these  is  still  unknown,  and  I 
will  not  attempt  at  the  present  writing  to  burden  the  reader  with 
a  discussion  of  the  theory  concerning  this  process.  Suffice  it  for 
the  present  to  accept  the  fact  that  this  action  must  take  place  in 
some  manner  in  order  that  a  solid  block  of  wood  dry.  The  physi- 
cal factors  influencing  this  transfusion  of  moisture,  however,  must 
needs  be  considered. 

In  order  to  get  a  clear  conception  of  what  takes  place  during 
this  transfusion  and  evaporization  of  moisture,  a  knowledge  of  the 
wood  substance  itself  and  its  relationship  to  moisture  is  absolutely 
essential.  I  must,  therefore,  prevail  upon  the  patience  of  the 
reader  by  first  setting  forth  as  briefly  as  possible  a  description 
of  this  complex  material  with  which  we  have  to  deal. 

*  Communicated  by  the  Director  of  the  Forest  Products  Laboratory, 
Madison,  Wisconsin. 
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THE    WOOD   SUBSTANCE. 

The  substance  of  which  wood  is  composed  being  organic  is, 
therefore,  very  complex.  It  is  half  again  as  heavy  as  water,  with 
a  specific  gravity  of  1.56.  It  is  thought  to  be  built  up  of  small 
particles  closely  laid  together,  the  interstices  being  capable  of 
filling  up  with  moisture.  The  foundation  part  of  this  substance 
is  known  as  cellulose.  Cotton  is  almost  pure  cellulose,  but  in 
wood  there  is  another  material  combined  with  the  cellulose  called 
lignin.  This  has  never  been  isolated  by  itself,  but  is  known  only 
in  combination  with  other  substances.  Just  how  it  is  combined 
with  the  cellulose  is  not  well  known.  It  adds  to  the  strength 
of  the  cell  walls  and  gives  them  a  color.  The  elements  of  which 
cellulose  is  composed  are  combined  in  the  same  proportion  as  in 
starch,  to  which  it  is  closely  allied,  although  the  molecule  is 
differently  arranged.  Both  are  represented  by  the  formula 
(CgHioOg)?.,  the  hydrogen  and  oxygen  being  combined  in  the  same 
proportion  as  in  water. .  Sugars,  gums,  and  resins  are  all  closely 
related  and  it  is  probable  that  the  living  protoplasm  is  capable  of 
transforming  one  into  the  other  by  the  addition  or  subtraction  of 
water  from  the  molecule.  This  accounts  for  their  common  occur- 
rence in  living  trees.  For  example,  addition  of  hydrogen  and 
oxygen  in  the  proportion  of  water  to  the  molecule  of  cellulose 
yields  cane  sugar,  2(C6Hio05)+ HoO  =  C12H22O11.  This  con- 
version, however,  does  not  take  place  in  the  simple  manner  indi- 
cated by  the  above  equation,  but  the  equation  is  given  in  order  to 
show  the  relationship. 

THE  STRUCTURE   OF   WOOD. 

Wood  is  made  up  of  minute  cells,  arranged  somewhat  as  the 
cells  in  a  honeycomb  except  that  the  cells  in  wood  are  very  much 
longer  in  proportion  to  their  width  than  in  a  honeycomb  and  they 
are  not  as  uniform.  In  the  "  softwoods  "  (gymnosperms)  the 
vertical  cells  are  fairly  uniform  in  shape  and  size  but  in  the  hard- 
woods (angiosperms)  they  vary  greatly,  some  being  fifty  times 
as  wide  as  others,  the  wide  ones  being  termed  "  vessels  "  and  the 
narrow  ones  "  wood  fibres."  Interspersed  between  these  vertical 
cells  and  fibres  and  lying  in  a  horizontal  radial  direction  are  the 
medullary  rays,  appearing  as  the  "  silver  grain  "  on  quarter-sawed 
oak.  The  medullary  rays  are  composed  of  short,  blunt,  thin- 
walled  cells,  similar  to  pith  tissue,  and  are  shaped  like  two-edged 
swords  set  edgewise. 
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Microscopic  section  of  a  Gymnosperm  ("Softwood"),  a  piece  of  shortleaf  pine  (Pinus 
««^f»MZ/a) ;  at  junction  of  two  annual  rings.  The  vertical  lines  are  the  medullary  rays  (radial). 
The  centre  of  the  tree  is  below.  A  resin  duct  D  is  visible  in  the  "summerwood."  Magnified 
250  diameters. 


Fig.  I  is  a  cross-section  of  a  gymnosperm  {Pinus  echinata), 
and  Fig.  2  of  an  angiosperm  {Quercus  minor),  both  magnified 
the  same  amount,  250  diameters. 
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Microscopic  section  of  an  Angiosperm  ("Hardwood"),  a  piece  of  post  oak  (Ow^rcMJ  minor) 
at  junction  of  the  annual  rings.  An  open  vessel  or  "pore"  V  is  shown  in  the  springwood 
and  a  large  medullary  ray  M  (radial)  on  the  left.  The  centre  of  the  tree  is  below.  Magnified 
250  times. 

THE   FIBRE   SATURATION  POINT. 

Water  exists  in  green  wood  in  two  forms:  As  liquid  water 
contained  in  the  cavities  of  the  cells  or  pores,  and  as  "  imbibed  " 
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or  hygroscopic  water  intimately  absorbed  in  the  substance  of 
which  the  wood  is  composed.  The  removal  of  the  free  water 
from  the  holes  or  pores  will  evidently  have  no  effect  upon  the 
physical  properties  or  shrinkage  of  the  wood/  but  as  soon  as 
any  of  the  "  imbibed  "  moisture  is  removed  from  the  cell  walls 
shrinkage  begins  to  take  place  and  other  changes  occur.  The 
strength  also  begins  to  increase  at  this  time.  The  point  where 
the  cell  walls,  or  wood  substance,  become  saturated  is  called  the 
'*  fibre  saturation  point,"  and  is  a  very  significant  point  in  the 
drying  of  wood.  In  some  cases  the  free  water  can  be  readily 
removed  by  heating  above  the  boiling  point,  but  in  many  cases 
this  would  injure  the  wood,  and  as  a  rule  the  water  contained 
within  the  cells  themselves  can  not  be  forced  out  in  this  manner, 
only  that  from  the  open  vessels  or  pores  (see  Fig.  2)  passing  ofif 
in  vapor.  The  chief  difficulties,  however,  come  in  evaporating 
the  free  water  where  it  has  to  be  removed  through  its  gradual 
transfusion  through  the  cell  walls  instead  of  by  boiling.  The 
problem  arises  in  the  danger  of  drying  the  surface  below  its  fibre 
saturation  point  while  free  water  still  remains  in  the  interior. 
As  soon  as  the  imbibed  moisture  begins  to  be  extracted  from 
any  portion  shrinkage  begins  and  stresses  are  set  up  in  the  wood 
which  tend  to  cause  checking.  The  fibre  saturation  point  lies 
between  moisture  condition  of  25  and  30  per  cent,  of  the  dry 
weight  of  the  wood,  depending  on  the  species.^  Certain  species 
of  eucalyptus,  oak,  and  probably  other  woods,  however,  appear  to 
be  exceptional  in  this  respect  in  that  shrinkage  begins  to  take 
place  at  a  moisture  condition  of  80  to  90  per  cent,  of  the  dry 

*An  exception  to  this  statement  occurs  in  certain  species,  notably  in 
western  red  cedar  (Thuja  plicata)  and  in  redwood  (Sequoia  sempervirens) , 
in  which  a  collapse  of  the  cell  walls  takes  place  in  spots  or  bands  during  the 
evaporation  of  the  free  water.  This  collapse  occurs  only  in  excessively  wet 
regions  and  when  the  wood  is  dried  at  too  high  a  temperature.  The  explana- 
tion of  this  peculiar  phenomenon  appears  to  be  that  the  cell  walls,  which  are 
practically  impervious  to  air  while  wet,  but  through  which  water  may  readily 
pass,  become  soft  and  plastic  when  heated.  Under  this  condition  those  cells 
which  are  completely  full  of  water  to  start  with  are  subjected  to  an  internal 
suction  or  tension  produced  by  the  depletion  of  the  water  in  the  cavity  by  its 
evaporation  through  the  cell  walls.  The  cells  then  collapse  like  rubber  tubes, 
one  layer  after  another. 

'  See  Forest  Service  Circular  108 — The  Effect  of  Moisture  on  the  Strength 
of  Wood. 
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weight.    It  is  possible  that  this  apparent  shrinkage  may  in  reahty 
be  a  form  of  collapse. 

SHRINKAGE  AND  MOISTURE. 

Wood  in  the  living  tree  contains  a  great  amount  of  moisture, 
varying  from  30  per  cent,  in  the  heartwood  of  some  conifers  to 
over  200  per  cent,  of  the  dry  weight  in  some  of  the  hardwoods. 
This  moisture  must  be  removed  before  the  wood  is  fit  for  use  for 
most  purposes. 

Wood  shrinks  differently  in  different  directions — as  a  rule  it 
may  be  considered  to  shrink  twice  as  much  circumferentially  as 
it  does  radially  and  about  one-fiftieth  as  much  longitudinally. 
Shrinkage  continues  until  this  substance  is  perfectly  dry  ("  oven 
dry"),  and  the  wood  begins  to  swell  again  by  absorption  of 
moisture  as  soon  as  it  is  exposed  to  moist  air.  Alternate  shrink- 
ing and  swelling  is  inevitable  with  corresponding  changes  in  the 
relative  humidity  of  the  surrounding  air.  This  causes  the  so-called 
"  working  "  of  the  wood.  Different  species  vary  greatly  in  this 
respect. 

Now  in  the  living  tree  the  wood  is  always  above  its  fibre  satu- 
ration condition,  so  that  dry  wood  may  be  looked  upon  as  in  a 
unique  condition,  in  that  it  has  never  been  Ary  since  it  was 
first  formed. 

DRYING. 

The  operation  of  removing  the  moisture  from  wood  does  not 
consist  simply  of  evaporation.  This,  of  course,  would  be  merely 
a  matter  of  supplying  the  necessary  heat  and  removing  the  excess 
vapor.  Wood  is  a  complex  substance  and  the  removal  of  the 
moisture  is  accompanied  by  physical  and  chemical  changes. 

In  order  to  pass  out  from  the  interior  of  a  board  or  timber 
the  water  must  ordinarily  pass  transversely  from  cell  to  cell  and 
evaporate  from  the  surface.  It  is  true  that  it  can  travel  length- 
wise very  much  more  rapidly,  as  is  evidenced  by  the  end  checking 
of  luml:>er,  but  end  drying  cannot  be  counted  upon  for  removal 
of  moisture  from  the  centre  of  a  long  stick.  This  process  of 
transfusion  from  cell  to  cell  is  very  slow,  so  that  it  takes  one- 
inch  boards  from  six  months  to  three  years  to  thoroughly  air  dry, 
according  to  the  species,  the  amount  of  water  they  contain  when 
green,  and  the  conditions  of  dr^'ing,  such  as  method  of  piling,  air 
conditions,  etc.     Even  then,  unless  it  is  in  an  exceedingly  dry 
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climate,  the  wood  will  rarely  dry  below  12  to  14  per  cent.  For 
thoroughly  dry  wood  this  must  be  supplemented  by  kiln  drying. 
Were  it  not  for  the  unequal  shrinkage  and  the  slow  rate  of 
transfusion  of  the  moisture  from  cell  to  cell,  the  kiln  drying  of 
lumber  would  present  no  more  difficulty  than  the  drying  of  wet 
cloth  or  clay.  The  problem  would  be  merely  one  of  conducting 
the  requisite  amount  of  heat  to  the  material  to  supply  that  required 
for  vaporization,  which  at  163°  F.  is  1000  British  thermal  units 
of  latent  heat  plus  a  small  additional  amount  (about  30  B.T.U. 
per  pound  of  dry  wood  ^)  required  to  overcome  the  attraction  of 
the  hygroscopic  material  for  the  moisture.  By  use  of  a  low  pres- 
sure or  a  temperature  higher  than  the  boiling  point  the  moisture 
would  pass  oflf  directly  in  proportion  to  the  quantity  of  heat 
supplied. 

PROPERTIES  OF  THE  WOOD  WHICH  AFFECT  DRYING. 

In  the  first  place  let  us  consider  the  physical  properties  of 
the  material,  which  must  be  recognized  in  order  to  intelligently 
study  the  dr}-ing  problem.  Different  species  differ  very  greatly 
with  respect  to  the  relative  proportions  of  these  properties,  but 
all  possess  them  more  or  less. 

1.  The  rate  of  transfusion  of  moisture  through  the  wood  sub- 
stance has  already  been  discussed.  It  is  very  slow  in  some  woods, 
as  oak,  and  fairly  rapid  in  others,  as  pine.  It  is  supposed  that  the 
rate  is  accelerated  by  increase  in  temperature. 

2.  Wood  shrinks  differently  in  different  directions,  and  shrink- 
age usually  begins  only  when  the  drying  falls  below  the  fibre 
saturation  point,  although  with  some  species,  as  Eucalyptus  glo- 
bulus and  some  oaks,  the  point  is  not  well  defined. 

3.  Wood  substance  becomes  soft  and  plastic  at  high  tem- 
perature under  moist  conditions.  The  effect  of  temperature  upon 
plasticity  varies  greatly  with  different  species,  some,  as  western 
red  cedar,  redwood,  and  eucalyptus,  becoming  excessively  soft 
even  as  low  as  150°  or  170°  F. 

4.  Cohesion  between  the  fibres  easily  breaks  down  with 
increase  in  temperature  in  such  woods  as  western  larch,  and  the 
southern  swamp  oaks,  thus  permitting  internal  stresses  to  cause 
checking  with  great  readiness. 

5.  Tendency  to  warp  is  due  to  a  warped  direction  of  the  fibres. 
Cupping  of  slab  cut  boards  is  simply  explained  by  geometrical 

'Frederick  Dunlap,   Forest  Products  Laboratory. 
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relations  due  to  unequal  shrinkage  radially  and  circumferentially. 
6.  Wood  shrinks  more  when  dried  slowly  under  moist  con- 
ditions than  when  dried  rapidly,  and  the  higher  the  temperatures 
under  moist  conditions  the  greater  the  shrinkage. 

Fig.  3. 


Badly  honcy-combcd  oak  wagon  ffUoes.    Produced  by  too  severe  casehardening  in  drying. 


7,  l^xcessive  drying  causes  hrittleness. 

8.  Wood  absorbs  or  loses  moisture  in  proportion  to  the  relative 
humidity  of  the  air,  varying  slightly  according  to  the  temperature. 
This  property  is  known  as  "  hydroscopicity." 
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9.  Change  of  color  occurs  in  some  species  in  drying.  This  is 
distinct  from  sap  stain  or  colors  caused  by  fungus  or  bacteria. 
This  is  notable  in  hard  maple  sapwood  and  in  sugar  pine.  In 
the  maple,  a  moist  warm  atmosphere  is  conducive  to  this  coloration. 

10.  Collapse  of  the  cells  may  occur  in  some  species  while  the 
wood  is  hot  and  moist.  This  collapse  is  distinct  from  the  shrink- 
age which  takes  place  in  the  wood  substance  and  is  due  to  a 
different  cause. 

These  properties  of  the  wood  give  rise  to  certain  resultant 
internal  stresses  which  are  the  main  cause  of  warping,  checking, 
and  honey -combing  (see  Fig.  3).  "  Washboarding  "  is  due  to 
unequal  shrinkage  or  collapse  of  adjacent  layers  of  the  annual 

Fig.  4. 


"Washboarding"  in  an  inch  board  of  blue  gum  (Eucalypius  globulus)  due  to  the  alternative 
collapse  of  the  annual  rings.  This  board  was  perfectly  flat  when  placed  in  the  kiln  as  is  evi- 
denced by  the  band  saw  marks  running  across  the  surface. 

rings  of  wood  and  appears  on  radially  sawed  lumber  (quarter- 
sawed).     (Fig.  4.) 

It  is  chiefly  with  the  analysis  of  these  internal  stresses  that  this 
article  has  to  do. 

INTERNAL  STRESSES  AND  "  CASEHARDENING." 

The  term  "  casehardening  "  is  used  to  describe  the  condition 
of  wood  which  contains  stresses  brought  about  by  drying.  It  is 
somewhat  ambiguous  but  commonly  used.  As  the  derivation  of 
the  word  implies,  it  signifies  in  general  a  hardened  case  on  the  out- 
side of  the  wood — derived  probably  from  analogy  to  the  term  as 
used  in  metal  tempering  where  the  outer  surface  of  the  iron 
casting  is  changed  to  steel.  The  analogy,  however,  is  not  a  very 
good  one  and  should  not  be  followed  too  closely. 

As  applied  to  wood  it  is  sometimes  used  to  refer  to  two  dif- 
ferent, although  interrelated  conditions.  One  has  to  do  with  the 
moisture  condition  alone,  and  the  other  with  the  internal  stresses 
resulting  from  the  hardening  of  the  fibres  and  the  relative  shrink- 
ages.    In  both  cases  the  wood  contains  internal  stresses  brought 
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about  by  unequal  shrinkages  and  a  stiffening  of  the  fibres  as  the 
wood  dries  below  its  fibre  saturation  point. 

A  temporary  condition  of  internal  stress  may  be  brought 
about  merely  by  a  difference  in  moisture  content  between  the 
inside  and  the  surface,  which  may  entirely  disappear  when  the 
moisture  is  equalized  provided  the  fibres  have  not  hardened 
unequally.  Permanent  stresses,  on  the  other  hand,  may  result 
from  the  unequal  moisture  distribution  whenever  the  outer  and 
inner  fibres  become  set  or  hardened  at  different  stages  of  shrink- 
age or  under  different  stresses.  In  such  cases  the  internal  stress 
in  the  wood  remains  even  after  the  moisture  has  been  uniformly 
distributed.  This  condition  is  dependent  upon  the  stresses  which 
exist  in  the  fibres  at  the  time  they  reach  their  fibre  saturation 
point  and  begin  to  harden  or  receive  a  "  set  "  as  it  is  termed. 

There  are  four  variable  factors  to  consider  which  affect  the 
result,  namely :  moisture  content  of  the  wood,  degree  of  shrinkage, 
internal  stress,  and  period  at  which  the  fibres  become  hardened 
or  set.  Moreover  these  factors  are  partly  dependent  one  upon 
the  other.  Temperature  is  still  another  factor  but  may  be  treated 
as  an  independent  variable. 

When  a  piece  of  wet  wood  dries  rapidly,  the  outer  surface 
necessarily  becomes  considerably  drier  than  the  interior.  Under 
ordinary  conditions  the  outside  dries  considerably  below  its  fibre 
saturation  point  while  the  interior  of  the  wood  is  still  in  a 
green  or  wet  condition.  Normally  wood  begins  to  shrink  at  its 
fibre  saturation  point,  but  inasmuch  as  the  interior  of  the  block 
of  wood  has  not  undergone  any  shrinkage,  the  outer  fibres  are 
consequently  held  in  what  might  be  considered  an  abnormally 
distended  condition.  Inasmuch  as  the  wood  hardens  or  becomes 
stronger  as  soon  as  it  dries  below  its  fibre  saturation  point,  these 
outer  fibres  may  become  hardened  in  this  distended  condition  to 
such  an  extent  that  if  this  outer  shell  were  now  removed  from 
the  block  of  wood  this  shell  would  no  longer  shrink  down  to 
its  normal  condition.  In  other  words,  the  outer  fibres  have  thus 
become  hardened  or  set  in  such  a  condition  that  they  will  not 
subsequently  shrink  the  normal  amount. 

Let  us  again  consider  the  block  of  wood  in  which  the  interior 
is  still  wet  and  the  outer  fibres  have  thus  become  set  in  this 
expanded  condition.  The  outer  fibres  of  the  block  are  then  in 
tension  and  the  inner  ones  in  compression.     As  the  drying  now 
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progresses  the  inner  fibres  subsequently  begin  to  dry  and  will 
tend  to  shrink  their  normal  amount.  The  inner  fibres,  however, 
are  prevented  in  tuni  from  shrinking  their  normal  amount  by  the 
hardened,  expanded  condition  of  the  outer  case  or  shell.  The 
result  will  be  a  reversal  of  stresses,  the  inner  fibres  now  being 
thrown  into  a  state  of  tension  and  the  outer  into  a  state  of 
compression.  Now,  it  may  occur  under  certain  conditions  that 
the  inner  fibres  will  also  harden  in  this  somewhat  expanded  con- 
dition and  the  slight  residual  shrinkage  of  the  outer  fibres  may 
be  sufiicient  so  that  when  the  wood  has  become  uniformly  dry 
throughout,  all  of  these  stresses  will  disappear.  The  caseharden- 
ing  so  produced  is  then  of  a  temporary  nature  and  disappears 
upon  redistribution  of  the  moisture.  In  the  majority  of  cases, 
however,  where  rapid  drying  takes  place,  the  inner  fibres,  when 
they  harden  up  due  to  drying,  remain  in  a  state  of  tension  and 
the  outer  fibres  remain  in  a  state  of  compression  from  the  fact 
that  the  residual  shrinkage  of  the  outer  fibres  is  not  sufficient 
to  relieve  these  stresses.  Permanent  casehardening  therefore 
results.  The  question  of  whether  casehardening  is  temporary  or 
permanent  is  dependent  upon  the  relative  degree  of  hardening  of 
the  outer  and  inner  fibres  and  the  relative  amounts  of  residual 
shrinkages  when  they  become  uniformly  dry. 

From  a  consideration  of  the  stresses  which  occur  during  rapid 
drying  of  a  piece  of  wood,  it  will  be  seen  that  the  total  shrinkage 
of  the  entire  block  will  ordinarily  be  less  in  the  case  of  the 
severely  casehardened  wood  than  it  will  be  in  the  case  of  a  block 
of  wood  where  normal  shrinkage  of  all  of  the  fibres  can  take  place. 

It  will  also  be  observed  that  the  first  stages  of  casehardening, 
in  which  the  outer  fibres  are  in  tension  and  the  inner  in  compres- 
sion, will  tend  to  produce  external  checking  if  these  stresses 
exceed  the  cohesion  of  the  fibres.  Secondly,  after  the  reversal 
of  stresses  takes  place  the  result  will  be  that  the  internal  fibres 
will  tend  to  be  pulled  apart  by  the  internal  tensile  stresses  provided 
these  exceed  the  cohesion  of  the  fibres.  The  outer  checks,  if  they 
have  occurred,  will  consequently  close  up  due  to  the  compression 
stresses  introduced  in  the  external  fibres  by  the  subsequent  shrink- 
age of  the  internal  fibres.  This  condition  of  internal  checking  is 
commonly  called  "  honey-combing." 

The  analysis  of  the  phenomena  of  casehardening  is  rendered 
complex,  on  account  of  interrelation  of  the  four  factors  mentioned 
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above — moisture,  shrinkage,  stresses,  and  hardening — since  all 
these  variables  must  be  considered  at  the  same  time.  For  this 
reason  also  the  determination  of  the  condition  of  wood  with 
respect  to  casehardening  is  equally  complex. 

The  method  commonly  used  is  to  cut  a  thin  disk  across  a  stick 
of  wood  and  slot  this  disk  in  the  form  of  a  tuning  fork,  but 
having,  instead  of  two,  a  number  of  prongs.  This  slotted  disk  indi- 
cates, by  the  bending  of  the  prongs,  the  condition  of  stresses 
existing  at  the  time  of  cutting  and  also  the  residual  shrinkages 
which  may  take  place  during  the  subsequent  drying  of  the  block. 
For  example,  let  us  consider  a  piece  of  green  wood  which  is  being 
rapidly  dried  and  suppose  the  casehardening  disk  is  cut  at  a  period 
when  the  outer  surface  has  just  dried  below  its  fibre  saturation 
point  and  the  interior  is  still  green,  the  outer  surface  being  in 
tension  and  the  inner  portion  in  compression.  The  prongs  of 
such  a  disk  will  bend  outwardly  when  cut  on  the  saw,  but  when 
subsequently  dried  in  an  oven  these  prongs  will  reverse  and 
bend  inwardly,  due  to  the  fact  that  the  outer  fibre  has  already 
hardened  somewhat  in  the  expanded  condition  so  that  its  normal 
shrinkage  is  less  than  the  normal  shrinkage  of  the  inner  side  of 
the  prongs. 

Again  suppose  that  a  disk  be  cut  at  a  period  after  the  reversal 
of  stresses  when  the  outside  is  in  compression  and  the  inside  in 
tension.  Such  a  disk  will  immediately  bend  on  the  saw;  that  is 
to  say,  the  outer  prongs  will  tend  to  bend  inwardly.  Subsequent 
drying  will  only  tend  to  increase  the  curvature. 

It  is  apparent  that  there  is  a  period  somewhere  between  these 
two  at  which,  if  a  disk  be  cut,  the  prongs  will  neither  turn  inwardly 
nor  outwardly  on  the  saw,  but  nevertheless  they  will  subsequently 
turn  inwardly  when  the  disk  is  dried. 

In  introducing  this  subject  the  assumption  was  made  that 
the  stick  of  wood  was  rapidly  dried.  Ordinarily  the  more  rapid 
the  drying  the  greater  is  the  casehardening  effect.  It  will  be 
evident  that  this  is  brought  about  entirely  by  the  unequal  moisture 
distribution  during  the  drying  of  the  stick  of  wood.  Were  it 
possible  to  extract  the  moisture  from  the  interior  of  the  block  at 
the  same  rate  that  it  is  being  extracted  from  the  outer  surface, 
casehardening  would  not  occur  either  temporary  or  permanent. 
Furthermore  it  will  be  observed  that  the  more  rapid  the  drying 
rate,  the  greater  will  be  the   factors  producing  this  condition. 


July,  1919]        The  Phenomena  of  Drying  Wood.  39 

These  factors  will  therefore  be  reduced  to  a  minimum  by  the 
slowest  possible  method  of  drj'ing.  Consequently,  in  very  slow 
air  drying  of  lumber,  where  the  lumber  is  shielded  from  both 
winds  and  dry  air,  casehardening  will  be  at  a  minimum,  other 
things  being  equal.  The  reason  for  this  is  that  in  very  slow  air 
drying  the  differential  in  moisture  distribution  in  a  block  of 
wood  is  ver\'  nearly  equalized.  There  is  not  produced  the  exces- 
sive differential  in  moisture  between  the  interior  and  the  surface 
which  is  necessitated  by  any  practicable  process  of  enforced  drying. 
In  kiln  drying  the  aim  is  to  retard  the  rate  of  surface  drying 
by  a  high  humidity  in  the  surrounding  medium  in  order  to  pre- 
vent the  casehardening  from  becoming  excessive  at  any  time,  but 
some  casehardening  is  inevitable.  The  condition,  however,  can  be 
relieved  or  even  entirely  reversed  as  shown  in  Fig.  8,  by  subject- 
ing the  wood  to  a  high  humidity  and  high  temperature  (steaming) 
for  a  brief  time  so  that  the  hardened  outer  fibres  are  rendered  soft 
and  plastic  and  yield  to  the  stresses. 

ANALYSIS   OF   STRESSES   DURING  PROGRESS   OF  DRYING 
AND   OF   CASEHARDENING. 

In  analyzing  the  internal  stresses  which  occur  during  the 
progress  of  drying  a  square  stick  of  wood,  and  the  amounts  of 
"  setting  "  and  shrinkage  which  take  place,  suppose  that  in  Fig.  5, 
0  p  mn  represents  a  disk  cut  transversely  across  the  stick  so  that 
mn  is  the  centre  line.  Let  half  the  disk  be  assumed  to  be  cut 
into  8  narrow  strips  numbered  i  to  8,  strip  8  being  next  to  the 
centre  line  of  the  disk.  For  convenience  of  conception,  suppose 
that  each  strip  consists  of  a  spiral  spring  of  equal  strength 
attached  to  two  horizontal  bars  mn  and  op,  which  are  so  arranged 
as  to  always  remain  parallel.  Let  the  stresses  produced  in  these 
springs  be  directly  proportional  to  the  amounts  they  are  stretched 
or  compressed  from  their  neutral  position.  For  the  sake  of  the 
analogy  drying  of  the  wood  is  to  be  considered  as  equivalent  to 
a  shortening  (not  a  compression)  of  the  springs.  This  shortening 
may  readily  be  accomplished  by  screwing  up  a  nut  on  the  lower  end 
of  each,  the  ends  projecting  through  holes  in  the  bar  mn.  If  the 
springs  are  all  independent,  screwing  up  the  nuts  will  merely 
shorten  them  an  equivalent  amount,  but  if  they  are  all  fast  to 
the  upper  bar  op,  and  only  the  outer  springs  are  shortened, 
these  will  be  stretched  or  placed  in  tension,  pulling  the  bar  down- 
ward and  throwing  those  springs  which  have  not  been  shortened 
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into  a  state  of  compression.  This  is  exactly  what  occurs  when 
the  outer  layers  of  a  block  of  wood  begin  to  dry  below  the  fibre 
saturation  point. 

Notice  now  that  if  the  springs  be  shortened  one  after  another 
until  all  are  finally  shortened  the  same  amount,  the  bar  op  will 
merely  descend  the  same  amount  that  the  springs  have  been 
shortened  and  the  stresses  will  disappear.  This  is  what  takes 
place  in  a  piece  of  wood  when  dried  without  casehardening  to  a 
point  where  the  moisture  content  is  uniformly  the  same  in  each 
layer.    This  may  be  considered  as  normal  shrinkage  and  is  prob- 

FiG.  5. 
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ably  directly  proportioned  to  the  amount  of  hygroscopic  moisture 
removed.  Rarely  if  ever  is  this  condition  realized  in  drying  any- 
thing but  very  thin  material. 

What  generally  happens  is  that  the  outer  layer  tends  to  shrink 
in  drying  but  is  considerably  stretched  by  the  resistance  of  the 
inner  layers.  Being  a  somewhat  plastic  material,  it  soon  hardens 
in  the  stretched  condition,  so  that  it  no  longer  tends  to  shrink 
the  normal  amount.  Upon  complete  drying  the  inner  layers  will 
tend  to  shrink  their  normal  amount,  but  will  be  slightly  stretched 
(less  so  than  was  the  outer  layer),  thus  throwing  the  outer  layer 
into  compression  and  the  inner  layers  into  tension;  they  will  also 
harden   in   their   slightly   stretched   condition,   but   the   stresses, 
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althouijh  less  than  they  were  at  the  first  staijes  of  drying,  may 
remain  in  the  wood.    The  wood  is  then  permanently  casehardened. 

Going  back  to  the  analogy  of  the  springs.  When  the  outer 
spring  has  been  shortened,  say  half  the  amount  which  would 
correspond  to  normal  shrinkage,  suppose  it  be  annealed  and 
rehardened.  so  that  without  altering  its  present  stress,  it  then 
requires  a  greater  force  to  stretch  or  compress  it  the  same  amount 
as  before,  and  that  approximately  one-half  of  the  total  amount 
which  it  formerly  might  have  been  shortened  (normal  shrinkage  ) 
has  already  been  removed.  As  the  inner  springs  are  then  short- 
ened in  turn  the  outer  "  set  "  spring  is  thrown  into  compression 
and  behaves  very  much  as  it  would  if  it  had  been  adjusted  back 
again  to  its  original  length  (as  though  it  were  resoaked  in  the 
case  of  wood),  although  this  outer  layer  continues  to  be  in  a 
drier  state  than  the  inner  layers.  As  a  matter  of  fact  the  outer 
layer  of  wood  not  only  acts  as  though  starting  again  at  its  original 
length,  but  it  has  also  become  greatly  stiffened  at  the  same  time. 
Here,  however,  the  analysis  becomes  too  complicated  to  follow 
clearly,  and  w-e  wnll  therefore  disregard  for  the  present  the  increase 
in  stiffness  which  takes  place  in  the  drying  of  the  various  layers, 
and  assume  the  springs  to  remain  the  same  strength. 

Having  attempted  to  illustrate  the  behavior  of  the  wood  by 
the  hypothetical  analogy  of  the  springs,  let  us  follow  the  line  of 
reasoning  a  few  steps  farther.  For  convenience  of  reference,  let 
us  assume  each  spring  to  be  100  inches  long.  Suppose  the  nut 
on  No.  I  be  screwed  up  8  inches,  it  will  be  thrown  into  a  state 
of  tension  w^hich  will  accordingly  bring  the  other  seven  springs 
into  a  state  of  compression.  The  whole  bar  op  will  then  evidently 
be  lowered  one  inch,  thus  compressing  the  seven  springs  each 
I  inch  and  stretching  No.  i  a  total  amount  of  7  inches.  This  is 
what  happens  when  the  outer  layer  of  a  piece  of  wood  dries  below 
its  fibre  saturation  point,  while  the  interior  still  retains  some 
free  moisture.  Now  suppose  that  No.  i  becomes  "  set  "  in  its 
shortened  but  expanded  condition,  that  is  to  say,  in  this  position 
it  no  longer  exerts  the  tensile  pull  which  it  exerted  before,  but  its 
stress  is  neutral  at  the  i  inch  shortened  position.  The  bar  op 
will  therefore  rise  sufficiently  to  bring  about  a  balance  of  stresses 
and  this  will  cause  a  new  tension  in  No.  i  and  new  amount  of 
compression  in  the  rest ;  N^o.  i  is  then  neutral  at  99  inches  and  not 
at  92  inches  as  when  first  shortened.  In  other  words,  the  effect 
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of  shortening  it  the  8  inches  has  been  done  away  with  and  it  now 
acts  the  same  (disregarding  its  increased  stiffness)  as  though  it 
had  originally  been  shortened  by  one  inch.  If  detached  from 
the  bar  it  will  remain  99  inches  in  length,  and  when  the  disk  is 
completely  dried  (all  springs  shortened  21  inches),  it  cannot  be 
shortened  its  normal  amount,  as  the  others  will  be.  Assuming 
the  normal  shrinkage  (total  possible  shortening  of  the  bars)  to  be 
21  inches,  No.  i  having  already  been  shortened  8  inches  and  being 
neutral  at  99  inches,  it  can  therefore  be  shortened  only  (.99  x  13) 
=  12.87  inches.  So  in  the  final  state,  the  seven  springs  will  be 
79  inches  long  and  No.  i  will  be  (99- 12.87)=  86.13  inches.  (The 
total  possible  shortening  of  all  springs  from  their  original  lengths 
having  been  assumed  as  21  inches. ) 

In  this  way  we  may  analyze  the  progressive  conditions  of 
the  stresses  in  the  eight  springs  and  their  corresponding  shorten- 
ings, corresponding  to  the  progress  of  drying  of  the  wood  from  the 
outer  surface  inward  and  the  successive  casehardening  of  the 
outer  layers,  when  first  separated  from  the  bars,  and  when  finally 
shortened  the  complete  amount  representing  a  state  of  complete 
dryness  after  separation.  To  make  this  system  of  analysis 
clearer,  let  us  follow  a  single  case  for  an  example.  Let  springs 
I,  2,  3,  4  each  be  shortened  respective  amounts  a,  b,  c,  d,  by  screw- 
ing up  nuts  on  their  bottom  ends,  and  let  the  rest  remain  the 
original  length  of  100  inches.  Let  D  be  the  distance  the  bar  op 
will  descend  (equals  the  shrinkage  of  the  entire  disk  as  a  whole). 
Let  M  be  a  factor  by  which  if  the  distance  the  spring  is  shortened 
be  multiplied  it  will  give  the  stress  existing  in  that  spring,  and  let 
negative  signs  indicate  tension  and  plus  signs  compression.  Then 
the  following  equation  will  represent  the  stresses  in  all  of  the 
springs : 

{D-a)n  +  {D-b)n  +  {D-c)n  +  {D-d)n  +  A{T)-0)   =  O  (1) 

Since  the  summation  of  all  these  stresses  must  equal  zero 

8/?=a+/)  +  r  +  </ 

Now  we  are  at  liberty  to  shorten  each  spring  an  assumed 
amount  (corresponding  to  the  degree  of  drying  out  of  the  succes- 
sive layers).    For  instance,  suppose 

d  =  D,  a  =  y,  b  =  2c 
then  (he  relationship  of  /)  and  c  may  be  calculated. 
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Substituting  in  the  equation  ( i )  : 

Suppose  D  =  6  inches  then 

t=7,  6  =  14  and  0=21  inches,  and  the  stresses  are  No.  i  =  i5n  No.  2  =-8n, 
No.  3=-in,  No.  4  =  0  and  each  of  the  others  =  +6n. 

Spring  No.  4  having  been  shortened  (shrunken)  the  same 
amount  as  the  bar  is  lowered  will  neither  be  compressed  nor  elon- 
gated and  will  have  no  stress. 

Suppose  now  that  spring  No.  i  be  extended  to  its  original 
length  by  unscrewing  the  nut  on  the  bottom  the  full  amount 
(swelling  to  its  original  condition  by -wetting  in  cold  water  or 
saturated  air).  The  others  remain  shortened  the  same  amounts 
as  before. 

Let  Di  be  the  new  position  assumed  by  the  bar 

8Dr=0+2c+c+d.     8Di  =  3c+D  =  2i  +  6  =  27.     Z)x  =  3  3/8 

No.  1        No.  2        No.  3        No.  4        Nos.  5,  6,7,8 
+3  3/8n  -  10  5/8m  -  3  5/8n  -  2  5/8n  +4(3  3/8)n  =  O 

The  stress  in  No.  i  has  changed  to  compression,  and  the 
tension  in  Nos.  2  and  3  has  been  increased  and  No.  4  has  now 
been  placed  in  tension. 

Without  following  further  the  calculations  in  detail,  the 
various  relative  stresses  and  the  total  shrinkages  of  the  disk  are 
set  forth  in  Table  I  for  several  assumed  progressive  conditions 
of  casehardening  and  reabsorption  (neglecting  the  increased  stif- 
fening of  the  springs,  as  explained  before). 

The  first  column  after  "  Conditions  "  gives  the  shrinkage  of 
the  disk  as  a  whole  in  inches  (a  wholly  conventional  unit  assumed 
for  convenience  of  discussion)  and  the  next  eight  columns  show 
the  relative  stresses  in  each  of  the  respective  strips.  They  repre- 
sent the  actual  stresses  existing  in  the  disk  at  the  horizontal  centre 
line  mn.  (In  the  unslotted  disk  the  stresses  decrease  as  the  ends  are 
approached,  becoming  zero  at  the  end,  due  to  the  shearing  stresses 
between  the  adjacent  strips. ) 

A  careful  study  of  Table  I  will  reveal  many  interesting  facts 
and  will  explain  the  peculiar  and  apparently  anomalous  behavior 
of  the  prongs  of  the  test  disk  when  slotted  at  different  periods  of 
the  dr>Mng  and  when  cut  into  different  thicknesses. 

The  progress  of  the  stresses  in  the  eight  layers  from  the  outer 
surface  to  the  centre  of  the  stick  of  wood  during  drying  may  be 
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graphically  indicated  as  in  Figs.  6  and  7,  in  which  tension  is 
shown  by  distances  below  the  horizontal  lines  and  compression 
by  distances  above.  This  also  shows  relatively  the  lengths  which 
the  strips  will  assume  if  the  disk  be  slotted  at  the  condition  under 
consideration.  In  the  diagrams  the  combined  area  above  the 
horizontal  line  always  equals  the  area  below. 

Let  us  consider  what  happens  in  a  few  cases  illustrated  in 
Figs.  6  and  7. 

If  a  disk  be  cut  and  slotted  in  Case  A,  the  outer  prongs  will 
at  once  bend  out  on  the  saw,  although  no  casehardening  has  yet 
occurred.  If  then  dried  slowly  the  prongs  will  become  parallel 
again  and  of  the  same  length. 

In  the  Case  B  the  outer  prong  will  have  a  slight  tendency  to 
bend  in  on  the  saw,  but  if  the  disk  be  given  a  single  cut  through 
the  centre  the  two  prongs  will  bend  outwardly  on  the  saw.  When 
subsequently  dried,  however,  in  both  cases  the  prongs  will  bend 
inward.  In  Case  F  the  same  is  true  to  a  greater  degree.  In 
Case  G,  however,  the  prongs  cut  anywhere  after  the  third  strip 
will  at  once  bind  on  the  saw  and  will  still  further  bind  when 
finally  dried.  In  Case  H,  if  slotted  up  at  any  point,  the  outer 
prongs  will  at  once  bind  on  the  saw,  and  remain  so.  The  inner 
prongs  5  to  8,  however,  will  remain  straight. 

If  Case  A  be  steamed  at  a  low  temperature  or  placed  in  cool, 
damp  air,  the  outer  portion  will  swell  and  offer  a  compression 
effort  which  will  have  the  effect  at  first  of  increasing  the  tension 
on  the  inner  layers,  which  is  a  bad  effect  as  it  tends  to  develop 
internal  checking  or  cause  external  checks  to  run  in  deeper. 
Successive  stages  are  shown  in  Cases  B,  C  and  D.  Since  the 
outer  layer  is  not  softened  at  the  cool  temperature,  it  will  not 
intercrush  (or  crunch)  under  compression,  and  therefore  no 
advantage  is  gained,  since  the  same  tendency  to  caseharden 
is  again  set  up  when  it  is  dried  again.  If  it  be  steamed, 
however,  at  a  sufficiently  high  temperature  to  render  it  plastic, 
the  outer  layer  will  intercrush  slightly  as  shown  in  Case  E, 
and  when  further  drying  of  the  stick  is  resumed,  it  will  not  offer 
so  great  a  resistance  as  it  would  formerly,  as  in  Case  H.  Case- 
hardening  has  thus  been  slightly  reduced. 

The  most  salubrious  effect  of  steaming,  however,  is  obtained 
after  the  Case  F  has  been  reached,  and  this  reaches  its  maximum 
in  the  Case  H.    The  effect  of  high  temperature  steaming  is  here 
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Fig.  6. 
1     2    3  4    5    6    7    S 


Drying  just  started.  Nos.  i  ami  2 
have  dried  some,  .ill  the  rest 
are  wet. 


Case  A.     Strips  i.  2.  3.  4  have  a 
dried  some.    Strips   5,  6.  7,  8 
are  still  wet. 


Beginniuij  to  casehardeii. 


Cise  F.  Reversal  of  stresses  be- 
ginning. No.  I  has  case- 
hardened.  All  have  dried 
some. 


CaseG.  Further  progress  in  case- 
hardening.  Nos.  I,  2.  3  have 
casehardened.  All  have 
shrunken. 


Case  H.  Conipleiely  dry.  The 
stresses  completely  reversed. 
Permanently  casehardened. 


Diagram  showing  stresses  in  wood  while  drying. 
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Case  I.  Immediate  effect  of  steam- 
ing H. 


Case  T.  Reversed  caseharden- 
ing,  final  result  of  I  when 
completely  dried. 


Case  B.      Effect  of  reabsorption  of 

strip  1  cold. 


Case  1>.     Nos.  i,  a,  3  reabsorbed 
cold. 


-    Case  E.       Steamed   at    lH^h   tetu 
pcratnrc.     Compare  with  U. 


DiaRram  showinff  strt-sscs  in  wood  while  flryiiiK- 
(Continued  from  Figure  6.) 
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to  completely  eliminate  the  compression  stress  in  the  layers 
affected,  as  is  illustrated  in  the  sing^le  Case  I.  The  ultimate  result, 
however,  provided  the  effect  has  not  penetrated  to  all  layers  under 
compression  stresses,  will  inevitably  be  a  reversal  of  caseharden- 
injj.  shown  in  Case  J.  In  this  case,  if  the  disk  be  slotted  between 
2  and  3,  the  outer  prong  will  turn  out  slightly  on  the  saw  in 
Case  I.  and  much  more  so  in  Case  J.  On  the  other  hand,  the 
next  prong,  consisting  of  strips   Nos.   3  and  4,  will   still   turn 

Fig.  8. 


Discs  cut  from  casehardened  maple  and  oak  boards.  The  alternate  ones  on  the  left  show  the 
condition  of  the  boards  when  first  dried;  those  on  the  right  show  reversal  of  stresses  brought 
about  by  steaming  the  same  boards  at  a  slight  pressure. 

inward,  the  same  as  in  Case  H.  If  sawed  in  the  middle,  however, 
there  is  much  less  cupping  in  J  than  in  H  ;  in  fact,  it  might  easily 
be  that  the  stresses  are  balanced  so  there  would  be  no  cupping  at 
all  of  the  half-disk. 

If  the  effect  of  the  steaming  be  sufficient  to  penetrate  all  the 
layers  under  compression,  all  stress  may  be  removed  thereby. 

While  the  cases  chosen  for  illustration  are  largely  empirical, 
and  actual  conditions  will  vary  therefrom  not  only  in  relative 
intensities  but  in  distribution,  it  seems  probable  that  the  maximum 
total  stresses  are  very  apt  to  occur  in  the  first  stages  of  drying 
as  in  Case  A.     The  tension  inside  the  block  is  at  no  time  as 
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intense  as  on  the  surface.  It  may  be  that  honey-combing  starts 
initially  with  a  small  surface  crack,  which  then  follows  inwardly 
as  the  wave  of  tension  moves  to  the  centre,  somewhat  in  the 
manner  that  a  crack  in  a  pane  of  glass  will  follow  the  progress 
of  a  comparatively  slight  stress,  much  less  than  that  which  would 
be  necessary  to  initiate  the  crack  in  the  unbroken  piece.  If  this 
is  the  case,  cold  reabsorption  or  steaming  at  a  low  temperature, 
before  true  casehardening  has  taken  place  to  a  considerable 
extent,  is  of  no  advantage  but  positively  detrimental,  as  such 
treatment  is  here  shown  to  intensify  the  tension  in  the  adjacent 
layers  progressively.  High  temperature  steaming,  on  the  other 
hand  (Case  E),  may  be  beneficial  in  relieving  the  ultimate  case- 
hardening  (external  compression  effect)  at  the  stage  indicated  in 
Case  A,  and  it  is  certainly  beneficial  after  decided  casehardening 
has  taken  place  at  Cases  F  and  H. 

For  aeroplanes,  unequal  moisture  distribution,  which  means 
temporary  stresses,  is  undesirable  for  any  purpose.  Permanent 
casehardening,  such  as  illustrated  in  Case  H,  is  not  of  itself  very 
serious  for  wingbeams  and  small  parts  provided  it  is  not  severe ; 
it  may,  however,  presage  an  improper  drying  treatment  which 
would  be  ground  for  rejection  of  the  material.  For  propellers, 
however,  any  appreciable  casehardening  is  detrimental  as  the 
internal  residual  stresses  may  cause  changes  to  take  place  in  the 
shape  of  the  finished  parts.  Moreover,  these  stresses  may  change 
with  time,  which  may  introduce  unknown  stresses  in  the  blades 
or  tend  to  shear  the  glue  joints.  Or  they  may  even  cause  checking 
or  internal  cracking  to  take  place  at  some  future  time. 


Shock-proof  Tungsten  Lamp.  Anon.  {Scientific  American, 
vol.  cxx,  No.  25,  p.  649,  June  21.  1919.) — Despite  the  many  improve- 
ments introduced  in  the  manufacture  of  tungsten  lamps,  they  have 
remained  delicate  until  the  present.  There  was  a  time,  of  course, 
when  tungsten  lamps  had  to  be  handled  with  extreme  care  to  avoid 
jarring  and  shattering  the  delicate  filament ;  but  in  more  recent  times 
the  tungsten  lamps  have  come  to  be  fairly  rugged  and  available  for 
almost  all  purposes  save  in  mills,  printing  plants,  and  other  places 
subject  to  intense  pounding  or  shocks.  It  has  remained  for  one  of 
our  leading  electric  lamp  manufacturers  to  introduce  a  new  type 
of  tungsten  lamp  which  incorporates  a  shock-absorbing  feature. 
The  filament  mounting,  instead  of  forming  an  integral  part  of  the 
glass  stem  as  is  usually  the  case,  is  spring-supported.  This  feature 
makes  this  lamp  serviceable  and  preferable  under  almost  all  con- 
ditions where  carbon  lamps  have  been  used  heretofore. 


INDUSTRIAL   LIGHTING.^ 


C.  E.  CLEWELL. 

Assistant  Professor  of  Electrical  Engineering,  University  of  Pennsylvania. 

If  every  working  man  in  the  industries  of  this  country  lost 
one  minute  per  eight-hour  day,  each  day,  due  to  inadequate  work- 
ing facilities,  the  economic  loss  to  the  country,  based  on  certain 
statistics,  might  approximately  be  set  down  as  equal  to  $10,000,000 
per  annum.  Similarly,  a  loss  of  one  hour  per  day  by  the  total 
employees  in  all  industries  would  mean  roughly  a  loss  well  on 
toward  a  half  billion  dollars  per  annum.  These  figures  are  based 
on  the  estimated  wages  in  this  country  per  annum  as  reduced  to  the 
total  wages  per  minute  or  per  hour,  these  factors  then  being 
employed  as  a  basis  for  the  determination  of  the  losses  just 
mentioned. 

Reference  will  be  made  later  to  losses  due  to  poor  light  and, 
conversely,  to  gains  made  possible  by  highly  adequate  light,  and 
when  the  loss  of  a  minute  or  an  hour  per  day  due  to  poor  light  is 
mentioned,  while  it  may  seem  trivial  in  itself,  its  importance  to 
the  industrial  economy  of  the  country  will  be  more  evident  from 
the  foregoing  general  figures,  while  its  relatively  large  magnitude 
when  compared  to  the  costs  of  the  best  lighting  will  appear 
subsequently. 

DEVELOPMENTS  IN  GAS  AND  ELECTRIC  LIGHTING  CONTRASTED. 

Those  who  have  followed  the  developments  in  electric  and 
gas  lighting  during  the  past  years  have  probably  been  impressed 
by  the  apparent  rivalry  between  the  manufacturers  of  gas  and 
electric  lamps  and  appliances.  This  rivalry  may,  it  is  true, 
be  only  apparent,  but  it  is  interesting  as  throwing  into  relief 
some  of  the  possible  influences  back  of  the  rapid  developments  in 
these  two  fields.  Gas  lighting,  as  the  older  of  the  two,  was 
employed  in  about  the  same  way  in  the  form  of  the  old  fish-tail 
burners  for  a  number  of  years  with  little  or  no  attention  to 
reflectors  or  the  scientific  distribution  of  the  light.     Later,  the 

*  Presented  at  a  joint  meeting  of  the  Section  of  Physics  and  Chemistry 
and  the  Philadelphia  Section,  Illuminating  Engineering  Society,  held  Thurs- 
day, February  6,  1919. 
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electric  lamp  appeared  and  the  many  developments  in  electric 
lamp  efficiency  and  in  the  effective  use  of  the  light  from  such 
sources,  has  been  paralleled  by  similar  developments  in  gas  lamps 
and  in  auxiliaries  for  the  highly  efficient  utilization  of  the  light 
from  these  sources. 

In  somewhat  the  same  manner  the  developments  in  the  means 
for  securing  light  in  factory  buildings  has  witnessed  a  contrast 
between  natural  and  artificial  illumination.  There  may  or  may 
not  have  been  an  actual  rivalry  between  building  constructors, 
on  the  one  hand,  in  the  design  of  windows  and  monitors  for  admit- 
ting daylight,  and  those  who  have  been  responsible  for  effective 
artificial  lighting  on  the  other  hand,  but  the  past  ten  to  fifteen 
years  have  witnessed  marked  advances  in  both  of  these  fields.  Not 
only  has  there  been  an  awakening  to  the  needs  of  the  case  but 
new  methods  and  new  types  of  artificial  lighting  equipment  have 
been  applied  to  industrial  buildings  in  recent  years  and  along  with 
them  has  come  a  higher  appreciation  for  buildings  so  designed  as 
to  admit  plenty  of  daylight  and  in  such  directions  as  to  reach  the 
working  surfaces  effectively.  In  what  follows,  it  is  the  intention 
to  dwell  to  some  extent  on  both  of  these  phases  of  industrial  light- 
ing, partly  by  way  of  pointing  to  individual  characteristics  of  the 
illumination  from  both  natural  and  artificial  sources,  and  to 
some  extent  in  contrasting  the  two. 

SOME  CAUSES  FOR  POOR  LIGHTING  IN  EARLIER  PRACTICE. 

It  might  seem  at  a  first  glance  that  the  importance  of  the  best 
form  of  illumination  for  industrial  processes  is  so  fundamental 
and  obvious  that  there  would  be  little  or  no  need  to  emphasize 
the  relations  of  good  lighting  to  effective  and  accurate  workman- 
ship. The  widespread  neglect  of  such  facilities  indicates,  how- 
ever, that  lighting  is  one  of  those  things  in  the  factory  equipment 
which  can  readily  be  overlooked  and  concerning  which  there  is 
still  much  ignorance  on  the  part  of  industrial  managers  and  shop 
owners.  These  conditions  make  it  necessary  to  dwell  repeatedly 
upon  such  things  as  the  value  of  good  light  to  production,  and 
also  upon  the  physical  means  now  available  for  the  accomplish- 
ment of  successful  illumination  at  the  working  surfaces  in  the 
industries. 

Going  back  fifteen  to  twenty  years,  the  inadecjuate  illumina- 
tion in  many  older  industries  may  easily  have  been  the  result  not 
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SO  much  of  ne£::lect.  as  of  an  inability  to  secure  suitable  lamps. 
The  older  arc  lamps,  representative  of  the  larger  sizes,  and  the 
carbon  tilament  lamps,  of  the  smaller  sizes,  each  had  their  own 
limitations  for  the  attainment  of  success  in  factory  lighting. 
Large  lamps  were  not  adapted  to  low  ceilings  and  the  apparent 
difficulties  in  the  way  of  providing  general  and  uniform  illumina- 
tion over  the  entire  floor  areas  where  high  ceilings  existed,  either 
with  arc  lamps  or  with  groups  of  small  carbon  filament  lamps, 
often  made  localized  lighting  the  logical  result  in  earlier  practice. 
Intermediate  ceilings,  falling  between  low  and  high  clearances, 
constituted  an  unusually  large  proportion  of  some  factory  areas, 
and  such  locations,  in  earlier  practice,  sometimes  presented  greater 
difficulties  from  the  viewpoint  of  general  illumination,  than  either 
the  low  or  the  high  spaces. 

The  successful  use  of  tungsten  and  of  mercury  vapor  lamps 
for  factor}'  lighting  purposes  marked  a  new  era  in  this  field  of 
artificial  illumination  and  solved  many  problems  which  previously 
had  been  difficult  to  handle  with  the  very  limited  lamp  sizes  in  the 
arc  and  the  carbon  filament  types.  In  fact,  the  very  obvious 
advantages  of  a  lamp  of  medium  size,  whether  tungsten  or  mer- 
cury vapor,  are  so  great  in  the  successful  illumination  of  many 
factory  spaces,  that  it  is  an  open  question  whether  the  recent 
development  of  nitrogen-filled  lamps  with  very  high  efficiencies 
in  the  large  lamp  sizes  is  an  advance  equal  to  the  appearance 
some  fifteen  years  ago  of  the  older  tungsten  lamps  in  medium 
sizes,  at  least  so  far  as  the  industrial  lighting  field  is  concerned. 
In  other  words,  it  may  be  found  desirable  to  illuminate  many  fac- 
tory interiors  with  less  efficient  tungsten  lamps  of  the  intermediate 
sizes  so  as  to  secure  better  distribution  of  the  light  through  the 
larger  number  of  units  thus  required  than  to  adopt  the  larger 
lamp  sizes  merely  to  obtain  a  unit  with  a  higher  candle-power  per 
watt  rating. 

REASONS  FOR  DEVELOPMENTS  IN   FACTORY  LIGHTING  PRACTICE. 

In  spite  of  the  widespread  neglect  of  the  ideas  of  good  lighting 
in  many  industries,  there  has  been  a  notable  development  in  the 
way  of  better  lighting  among  the  plants  of  the  more  progressive 
class  during  the  immediate  past.  This  development  may  be 
ascribed  to  the  newer  types  of  lamps  and  to  more  carefully 
designed  reflectors,  with  the  possibilities  for  the  highly  effective 
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lighting  results  they  have  made  available,  but  other  factors  have 
doubtless  contributed  to  this  development.  One  of  these  perhaps 
has  been  the  ideas  back  of  scientific  management  and  the  higher 
appreciation  which  these  ideas  have  emphasized  for  a  favorable 
working  environment  for  employees.  The  advantages  of  good 
working  facilities,  of  which  lighting  is  a  type,  have  come  to  be 
looked  upon  in  recent  years  as  tangible  and  very  real  factors  in  the 
successful  management  of  American  industries,  and  additional 
attention  has  been  directed  toward  this  phase  of  the  subject  by 
the  stress  of  the  recent  war  emergency,  which  will  be  referred  to 
again  later  on. 

Another  influence  which  has  undoubtedly  been  back  of  these 
developments  in  factory  lighting  is  the  keen  interest  which  has 
been  taken  in  the  subject  by  lamp  and  reflector  manufacturers. 
Aside  from  any  commercial  considerations,  this  active  and  pains- 
taking work  by  the  manufacturers  has  been  such  as  to  merit  the 
approval  of  all  of  us  who  view  the  problem  from  just  as  interested 
although  a  less  commercial  point  of  view.  The  need  for  con- 
tinuously keeping  these  high  ideals  in  mind  on  the  part  of  the 
lamp  and  reflector  manufacturers  is,  however,  increasingly  great 
because  of  the  effect  upon  any  industry  of  the  law  of  supply 
and  demand.  People  generally  to-day  confuse  good  lighting  with 
extremes  in  glare  and  brilliancy  from  high  candle-power  lamps. 
For  reflector  and  fixture  manufacturers  to  give  way  to  this  popu- 
lar prejudice  favoring  brilliancy  of  lighting  units  would  be  a  step 
backward,  and  it  is  to  be  hoped  that  light  users  may  in  time  be 
educated  up  to  that  point  where  they  will  appreciate  good  illumina- 
tion and  the  freedom  from  glare  in  such  a  measure  as  to  supply  the 
necessary  commercial  demand  for  equipment  which  meets  these 
primary  requirements  in  good  lighting  practice.  It  is  hardly 
necessary  to  add  that  the  industrial  field  is  one  of  the  important 
cases  where  these  comments  apply  very  generally. 

Finally,  as  a  fourth  cause  for  the  increasing  attention  to  better 
lighting  in  recent  years,  there  may  be  mentioned  the  slowly 
growing  emphasis  which  is  being  placed  upon  the  sul)ject  by  state 
lal)or  departments  through  C(xles  and  other  legislative  enactments 
covering  industrial  lighting.  These  state  regulations,  although 
drafted  primarily  with  the  view  of  safeguarding  employees 
through  better  lighting,  and  hence  not  directing  attention  to  any 
extent  to  the  economic  advantages  of  good  light,  except  perhaps 
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indirectly,  have  undoubtedly  become  quite  a  potential  factor  in 
this  tield.  Some  of  the  developments  in  state  codes  will  be 
referred  to  later. 

RULE  OF  THUMB  VERSUS  EXPERT  METHODS. 

To  the  popular  mind,  the  duties  of  the  industrial  lighting  engi- 
neer probably  consist  merely  in  the  choice  of  lamps  and  in  hanging 
these  lamps  at  certain  locations.  In  fact,  the  actual  conduct  of 
industrial  lighting  design,  or  planning,  as  it  might  more  properly 
be  termed,  by  many  architects  and  others,  depends  to  such  an 
extent  upon  rule  of  thumb  methods,  that  such  a  conclusion  may  be 
valid  when  referred  to  such  methods.  The  design  of  a  truly 
successful  factory  lighting  system,  however,  often  presents  pecul- 
iarities and  special  problems  which  merit  individual  attention  not 
only  to  given  sections  of  the  plant  from  the  standpoint  of  the 
kinds  of  work  conducted,  but  sometimes  to  the  particular  needs 
of  individual  workmen.  Hence,  it  is  apparent  that  the  whole 
subject  can  either  be  looked  upon,  on  the  one  hand,  as  one  sus- 
ceptible to  solutions  by  rule  of  thumb  methods,  or,  on  the  other 
hand,  as  one  in  which  highly  specialized  talent  can  well  be  utilized 
by  the  plant  management. 

To  my  own  mind,  the  latter  method  is  the  best  if  not  the  only 
safe  course  to  follow.  Eyesight  is  too  valuable  an  asset  to  the 
millions  of  wage  earners  of  this  country,  and  also  to  the  economic 
interests  of  industry,  to  neglect  the  light  under  which  vision  must 
function  in  seeing  such  an  infinitely  wide  variety  of  industrial  op- 
erations, where  the  personal  element  combines,  under  both  physio- 
logical and  psychological  influences,  to  still  further  complicate  the 
problem.  Therefore,  merely  from  the  standpoint  of  providing  illu- 
mination which  is  correct  both  in  quality  and  quantity,  expert 
assistance  is  warranted  in  the  making  of  such  plans.  Moreover, 
there  is  a  wider  aspect  of  the  matter,  and  to  give  a  general  idea 
of  the  variety  of  additional  problems  which  the  industrial  illu- 
minating engineer  may  be  called  upon  to  handle,  it  may  be  in  place 
to  enumerate  very  briefly  several  items  which  have  constituted  a 
part  of  his  duties  under  actual  working  conditions. 

ITEMS  CLOSELY  ALLIED  TO  INDUSTRIAL  LIGHTING. 

These  include  such  things  as  the  study  of  distribution  circuits 
and  transformer  capacities  for  the  supply  of  constant  voltage  to 
the  factory  lamps,  the  study  of  the  proportion  of  motor  load  to 
lighting  load  on  given  circuits,  in  its  relation  to  voltage  variations 
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on  the  lighting  part  of  such  combined  loads,  and  the  factors  in- 
volved in  the  possible  subsequent  recommendation  that  such  com- 
bined loads  on  a  given  circuit  be  separated.  Again,  in  one  factory 
I  recall  steps  that  were  taken  to  establish  the  minimum  voltages 
to  apply  to  given  rated  lamps  for  the  maintenance  of  approxi- 
mately white  light.  Other  important  items  have  been  the  estab- 
lishment of  proper  lamp  arrangements  and  suitable  intensities  for 
each  class  of  work  and  for  each  location,  such  as  the  ofihce,  the 
drafting  room,  the  foundry  and  the  machine  shop.  Maintenance 
work  must  be  standardized,  since  no  industrial  lighting  system 
can  be  expected  to  keep  up  to  its  original  excellence  unless  lamps 
and  reflectors  are  cleaned,  and  burned  out  lamps  are  renewed 
regularly  and  promptly. 

Many  other  problems  may  present  themselves,  such  as  the 
prevention  or,  at  least,  the  reduction  of  theft  of  lamps  in  the 
large  factory ;  campaigns  among  the  superintendents  and  the 
employees  looking  towards  the  intelligent  economy  of  light;  the 
prevention  of  polarity  reversal  on  direct  current  circuits,  where 
such  a  reversal  may  cause  instant  injury  to  given  types  of  lamps; 
the  large  question  of  voltage  drop  in  the  distributing  circuits, 
which  may  sometimes  include  the  factor  of  mutual  inductance 
where  lamps  are  supplied  from  two  phase  alternating  current 
power  mains.  Then  there  is  the  important  point  of  the  most 
economical  method  for  producing  a  given  quantity  of  illumination 
at  the  working  surfaces,  which  includes  such  factors  as  light  walls 
and  ceilings ;  also  the  selection  of  those  types  of  reflectors,  whether 
glass  or  metal,  most  suitable  for  factory  conditions,  and  at  the 
same  time  capa1:)le  of  increasing  the  ])roportion  of  the  total  light 
from  the  lamps  which  reaches  the  working  surfaces;  the  study  of 
the  effects  of  good  light  upon  rates  of  production  and  upon  accu- 
racy of  workmanshi]) ;  the  methods  of  wiring  best  suited  to  the 
various  types  of  factory  building  construction;  the  best  ways  to 
provide  light  for  stairways  and  passageways  and  the  relations 
of  such  light  to  accident  ])revention ;  the  very  special  study  of 
particular  cases  and  operations  where  unusual  rcfjuiremcnts  are 
imposed  u])on  vision  ;  the  relative  advantages  of  clear  and  of  trans- 
lucent glass  for  factory  windows  from  the  illumination  stand- 
point; color  effects  upon  various  kinds  of  material,  important  in 
textile  establishments  and  sometimes  in  such  special  cases  as  the 
assortment  of  metals  like  copper,  brass  and  iron  with  their  charac- 
teristic differences  in  color. 
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RESPONSIBILITY   OF   THE    SHOP   ELECTRICAL   DEPARTMENT. 

Problems  of  peculiar  interests,  and  sometimes  correspondingly 
difficult,  arise  from  time  to  time  in  such  work,  and  among  these 
is  that  of  the  proper  illumination  of  the  instruments  on  the  switch- 
boards of  the  shop  power-house,  or  the  laces  of  time-clocks  located 
overhead  in  the  aisles  of  some  factories,  the  illumination  of  boiler- 
room  gauges,  and  of  coal  bunkers,  and  that  fundamental  problem 
of  providing  enough  of  a  side  component  in  the  resulting  illu- 
mination properly  to  light  vertical  or  side  surfaces  of  the  work. 

It  is  readily  recognized  that  many  of  the  foregoing  items  which 
may  confront  the  industrial  lighting  engineer  have  received  suffi- 
cient attention  during  the  past  few  years  to  have  become  in  a  way 
standardized.  Furthermore,  some  of  the  things  mentioned  may, 
in  certain  cases,  fall  under  the  jurisdiction  of  other  departments 
of  the  plant.  The  list  is  given,  however,  to  show  that  industrial 
lighting  constitutes  a  problem  of  fairly  broad  possibiHties,  and 
that  it  touches  a  variety  of  the  items  which  go  to  make  up  the 
shop  equipment.  Perhaps  the  close  alliance  of  shop  lighting  with 
so  many  divisions  of  the  factory  equipment  may  be  one  of  the 
reasons  why  it  is  neglected  or  overlooked,  through  the  assignment 
of  the  lighting  problem  to  the  care  of  a  factory  foreman  or  super- 
intendent in  charge  of  the  electrical  department  or  possibly  of 
the  power-house  and  distributing  circuits  as  well  as  the  motors 
and  general  power  conditions,  with  so  many  interests  that  there 
is  little  time  available  for  specialized  study  of  the  lighting  con- 
ditions and  their  effect  upon  vision  and  upon  production.  How- 
ever, there  is  this  compensation  even  where  such  conditions  exist, 
that  the  shop  man  directly  concerned  with  the  supervision  of  the 
lighting,  although  often  entirely  incapable  at  the  outset,  through 
ignorance  of  the  principles  involved,  of  successfully  handling  the 
problem,  will  often  be  found  most  receptive  when  suggestions  are 
made  and  often  develops  an  aptitude  for  the  work  which  enables 
him  to  handle  it  very  eiTectively. 

THE  PERSONAL  EQUATION  AMONG  EMPLOYEES. 

The  matter  of  supplying  light  for  the  employees  of  an  indus- 
try is  thus  complicated  by  the  infinite  variety  of  operations  and 
the  kinds  of  things  pertaining  to  the  work  handled  in  the  various 
classes  of  establishments,  which  make  it  utterly  impossible  to 
assign  rules,  for  the  simple  reason  that  while  they  may  perhaps 
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be  adaptable  to  one  kind  of  work,  they  may  at  the  same  time  be 
entirely  inadequate  for  another.  ]\Ioreover,  the  illumination  of  a 
piece  of  work  is  not  only  a  matter  of  furnishing  so  and  so  many 
units  of  illumination  intensity  upon  that  work,  but  its  effect  in 
rendering  the  work  visible  will  be  governed  very  largely  by 
physiological  and  psychological  characteristics  of  the  workman 
himself.  It  is  not  surprising,  therefore,  to  find  a  person  dissatis- 
fied with  an  ideal  lighting  system,  not  because  of  any  difficulties 
in  seeing  the  objects  illuminated,  but  because  the  lamps  "  are 
too  high,"  or  "  the  quality  of  the  light  is  too  cold,"  or  "  the  bowls 
of  the  lighting  fixture  are  too  dim." 

On  the  very  face  of  it,  therefore,  where  light  must  be  fur- 
nished to  many  employees  in  large  office  or  shop  sections,  it  is 
almost  fundamental  to  the  successful  handling  of  the  problem 
first,  to  know  what  is  the  right  and  proper  method  to  adopt  and 
then  to  adhere  to  this  in  spite  of  criticism  on  the  part  of  employees 
until  such  time  as  the  system  has  been  given  a  fair  trial,  and 
individual  rather  than  collective  comments  can  be  sifted  out. 
When  this  time  arrives,  say  after  a  month  of  trial  for  the  new 
system,  then  individual  complaints  can  well  be  investigated  and, 
where  necessary,  remedied. 

In  this  connection,  I  have  seen  large  factory  sections  where 
individual  lamps  were  depended  upon  solely  for  the  light,  and 
where  a  new  system  of  general  illumination  with  overhead  lamps 
was  about  to  be  installed,  when  the  foremen  and  superintendents 
foresaw  a  distinct  need  for  the  retention  of  the  local  lamps  close 
to  the  work.  A  general  complaint  in  advance  of  the  new  installa- 
tion was  forestalled  by  the  simple  expedient  of  agreeing  to  remove 
all  drop  lamps  at  the  time  the  new  system  went  into  eft'ect  under 
the  condition  that  those  drop  lamps  which  might  be  called  for 
after,  say  a  six  weeks'  trial  of  the  new  system,  would  be  rein- 
stalled if  found  actually  necessary.  The  success  of  such  an  expe- 
dient can  be  very  gratifying  to  those  responsible  for  the  new 
system,  if  the  new  system  is  really  a  superior  one,  but  the  designing 
engineer  should  never  be  so  sure  of  himself  as  to  neglect  proper 
attention  to  individual  complaints,  which  are  often  entirely 
justified  by  special  circumstances.  It  is  a  cause  for  regret  that 
there  is  a  notable  tendency  to  turn  down  such  complaints  after 
a  new  system  is  installed  which  the  proprietors  consider  first-class, 
and  I  have  run  across  cases  of  this  kind  where  such  a  policy 
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worked  a  real  hardship  upon  certain  employees,  for  whose  work 
the  new  system  did  not  meet  the  needs  for  good  vision. 

PHYSICAL  ASPECTS  OF  THE  PROBLEM. 

To  these  subtle  physiological  and  psychological  factors  there 
must  be  added  the  physical  part  of  the  problem,  which  is  concerned 
w'ith  such  things  as  the  surroundings  of  the  location  to  be  lighted, 
the  class  of  things  to  be  seen,  the  intensities  of  illumination  to 
provide,  and  the  types  of  lamps  and  of  reflectors  to  use  and  their 
suitable  arrangement.  To  take  all  of  these  factors  into  account 
obviously  calls  for  the  assistance  of  specialists  in  a  number  of 
fields,  and,  conversely,  thus  indicates  why  those  interested  in  illu- 
mination constitute  such  an  exceedingly  wide  variety  of  profes- 
sions. The  personnel  of  the  membership  of  the  Illuminating 
Engineering  Society  is  a  reflection  of  this  interesting  feature,  and 
the  presence  in  its  membership  lists  of  physicians,  ophthalmologists 
and  psychologists,  as  well  as  of  physicists  and  engineers,  is  an 
index  to  the  ramifications  of  the  field. 

Turning  now,  however,  to  some  of  the  effects  of  surroundings 
and  of  working  conditions  generally  upon  the  industries  as  a 
w'hole,  we  find,  first,  that  light  holds  an  important  place  in  what 
may  be  termed  the  factors  which  determine  the  character  of  the 
shop  environment;  and  second,  that  light,  as  one  of  the  factors, 
is  closely  related  to  the  employee  through  its  effect  on  his  ability 
to  see  clearly,  and  thus,  in  turn,  to  the  production  rate,  to  the 
amount  of  defective  workmanship,  and  to  the  likelihood  of 
accidents. 

INDUSTRIAL  LIGHTING  AND  THE  WAR  INDUSTRIES. 

This  close  relationship  between  good  and  bad  light,  as  the  case 
may  be,  and  the  welfare  of  the  employee,  together  with  what  has 
seemed  for  years  to  be  a  more  or  less  close  relationship  between 
good  light  and  normally  rapid  production,  between  good  light 
and  better  workmanship,  and  between  good  light  and  a  low  acci- 
dent rate,  may  be  taken  as  an  indication  of  why  the  question  of 
highly  adequate  light  for  the  industries  was  looked  upon  during 
the  recent  war  as  an  item  of  fundamental  importance  to  war  work. 
In  fact,  one  of  the  departments  of  the  War  Industries  Board, 
known  as  the  Employment  Management  Division,  committed  itself 
during  the  past  year,  prior  to  the  signing  of  the  armistice,  to  the 
preparation  of  instruction  courses,    for  employment  managers 
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throughout  the  country,  which  contained  plans  for  advancing 
the  ideas  of  such  men,  by  intensive  instruction,  in  the  relations  of 
just  such  factors  to  the  employee,  to  production  and  to  the 
accident  rate. 

This  is  a  significant  point.  To  aid  the  industries  under  the 
pressure  of  a  war  emergency,  natural  and  artificial  lighting  were 
considered  an  important  part  of  an  intensive  war  program.  The 
campaign  to  gather  information  for  these  purposes  last  year  forms 
an  interesting  commentary  upon  the  necessities  and  urgency  of 
work  under  the  pressure  of  war  needs.  It  was  my  own  privilege 
to  gather  a  large  amount  of  data  for  the  Employment  Manage- 
ment Division  of  the  War  Industries  Board,  at  its  suggestion  and 
by  its  authority,  on  natural  and  artificial  lighting  last  year  before 
the  close  of  the  war,  and  the  cessation  of  hostilities  has  led  this 
Division  to  place  at  my  disposal  practically  all  of  the  files  of  data 
and  other  information  thus  accumulated,  so  that  I  am  privileged 
in  a  part  of  what  follows  to  comment  on  certain  interesting  points 
and  on  some  conclusions  based  on  the  information  gathered  during 
the  past  year  as  a  part  of  the  war  program.^ 

RELATIONS   OF  GOOD   LIGHT    TO   PRODUCTION. 

The  exact  relations  of  good  light  to  industrial  management 
are  important  for  several  reasons.  First,  and  perhaps  foremost, 
is  the  necessity  of  convincing  the  factory  manager  that  the  expen- 
diture for  a  highly  adequate  system  is  warranted  by  the  effects  it 
is  likely  to  have  upon  the  management  of  his  employees;  and 
second,  in  the  assurance  which  such  relations  give  to  the  industrial 
lighting  engineer  or  salesman  that  his  efforts  to  raise  the  standards 
of  factory  lighting  are  warranted  by  the  results.  These  relations 
of  good  light  to  management  have  been  expressed  in  a  variety 
of  ways  on  a  basis  of  the  more  or  less  obvious  effects  it  is  likely 
to  have  on  increased  production  for  the  same  labor  cost  in  a  plant, 
in  the  greater  accuracy  of  the  workmanship  in  the  well-lighted 
shop,  in  the  reduced  accident  hazard,  in  the  avoidance  or  the 
minimizing  of  eye  strain,  and  the  healthy  reaction  upon  the 
working  force  due  to  the  more  cheerful  surroundings  and  the 
more  comfortable  conditions  afforded  by  the  light  I'crsns  the 
gloomy   interior.    Adecjuate   general   illumination   also   removes 

'  The  Employment  Management  Division  of  the  War  Industries  Board 
now  forms  a  part  of  the  Federal  Board  for  Vocational  luliication. 
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dark  corners,  and  it  is  commonly  observed  that  such  a  shop  is  Hkely 
to  be  kept  cleaner  than  companion  spaces  which  are  relatively 
dark.  Greater  attention  to  janitor  service  promotes  neatness  on 
the  part  of  the  employees  and  thus  tends  to  raise  the  tone  of 
the  plant. 

These  advantages  of  good  light  are  all  valuable  as  showing 
its  importance  to  any  plant  and  they  have  often  formed  the  basis 
for  decisions  to  install  better  lighting  in  places  formerly  very 
poorly  illuminated.  However,  to  say  that  good  light  promotes 
production  and  reduces  accidents  is  a  qualitative  statement.  The 
average  shop  manager  is  receptive  to  such  ideas ;  but,  in  themselves, 
such  abstract  statements  are  difficult  to  translate  into  actual  returns 
for  the  expenditure  involved  and  hence  lack  the  definite  character- 
istics which  would  so  often  convince  the  manager  that  his  judg- 
ment concerning  the  need  of  a  new  lighting  system  is  correct. 

ANALYSIS    OF   LIGHTING    COSTS. 

One  of  the  first  steps  towards  a  more  definite  basis  for  setting 
forth  the  advantages  of  good  shop  lighting  was  the  now  well- 
known  type  of  analysis  suggested  by  Chas.  F.  Scott  in  an  editorial 
in  the  Electric  Journal  in  May,  1910,  in  which  he  emphasizes  a 
new  viewpoint  in  the  consideration  of  industrial  lighting,  by 
suggesting  that  the  cost  per  day  for  the  best  lighting  system  in  a 
given  factory  section  may  conveniently  be  evaluated  to  the  equiva- 
lent wages  per  day  in  that  same  section.  At  a  first  glance  it  does 
not  appear  just  what  such  an  evaluation  may  amount  to,  but  since 
Professor  Scott's  suggestions  in  1910,  this  relationship  has  com- 
monly been  found  to  be  ort  the  order  of  two  to  six  minutes.  In 
other  words,  the  entire  cost  for  lighting  a  shop  section  per  day 
will  usually  be  found  to  be  the  equivalent  of  the  wages  in  that 
section  for  several  minutes  of  the  entire  working  day. 

The  foregoing  figure  has  often  proved  to  be  most  conclusive 
in  the  survey  of  an  old  system  and  one  which  has  been  entirely 
inadequate,  because  of  the  relative  ease  with  which  time  losses 
due  to  inadequate  light  may  be  observed  by  inspection  of  the  shop 
and  by  inquiries  of  the  foremen  and  others  in  charge.  Any  shop 
section,  therefore,  in  which  time  losses  of,  say  a  half  an  hour  per 
day.  occur  because  of  poor  light,  should  obviously  reap  quite  a 
reward  by  the  adoption  of  a  new  and  improved  system  at  a  cost 
for  operation  of  one-sixth  of  the  daily  loss  in  wages  due  to  the 
old  system. 
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EXPERT  OPINIONS  ON  THE  LIGHTING  NEEDS  OF  THE  INDUSTRIES'. 

This  form  of  analysis,  coupled  with  personal  investigations 
in  the  field,  have  long  been  used  as  the  basis  for  the  commonly 
accepted  idea  that  good  lighting  aids  factory  production,  and  that 
the  average  lighting  conditions  in  the  industries  could  well  be 
raised  to  standards  considerably  in  excess  of  present  values.  In 
fact,  during  the  past  year,  that  is  to  say,  before  the  close  of  the 
war,  a  canvass  was  made  among  leading  illumination  experts  in 
this  country  ^  to  ascertain  by  how  much  industrial  lighting  ought 
to  have  been  adjusted  or  changed  from  standards  existing  before 
the  war  in  view  of  the  fuel  shortage  and  of  the  war,  with  the  result 
that  opinions  favored  an  increase  of  50  per  cent,  in  industrial 
lighting  in  spite  of  an  opinion  that  it  ought  to  be  decreased  in 
every  other  branch  of  the  lighting  field,  such  as  street,  public 
building  and  commercial  lighting.  The  figure  of  50  per  cent, 
increase  appears  to  have  been  a  conservative  opinion  because  of 
the  opinion  of  these  same  experts  that  without  regard  to  the  war 
conditions  and  the  recent  fuel  shortage,  industrial  lighting  stan- 
dards could  well  be  increased  by  175  per  cent.  These  opinions, 
it  will  be  noted,  favored  marked  increases  in  the  quantity  of  light 
used  for  factory  operations. 

Now  the  codes  of  lighting  recently  issued  by  the  several  states 
who  have  given  this  matter  special  attention,  contain  tables  of 
the  quantities  of  light  as  a  minimum  and  as  desirable  for  given 
classes  of  work.  These  quantities  have  been  based  on  the  objec- 
tive feature  of  safeguarding  the  workmen.  They  have  not  been 
based  directly  on  the  values  desirable  from  the  standpoint  of 
maximum  production  at  the  least  labor  expense,  for  the  simple 
reason  that  the  state  departments  of  labor  are  primarily  concerned 
in  regulations  for  the  protection  of  lal)or,  physically  speaking. 
If  a  table  of  quantities  of  light  for  various  classes  of  work  were 
to  be  prepared  on  the  basis  of  the  most  favorable  production  rates, 
there  would  he  a  strong  tendency  materially  to  increase  the  values 
found  in  these  state  lighting  codes.  In  the  past  the  magnitude 
of  the  increases  in  the  quantities  of  light  over  and  above  the 
minimum  values  rc(|uired  by  considerations  of  safety  to  the  eye- 
sight of  employees  and  as  a  safeguard  against  accidents,  has 

'  Paper  on  "  Lighting  Curtailment."  by  Preston  S.  Millar,  Trans.  Illumi- 
nating Engineering  Society,  Vol.  xiii,  No.  2,  p.   126. 
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largely  been  based  on  individual  experiences  in  various  cases.     To 
a  large  extent  this  condition  prevails  also  at  the  present  time. 

RECENT  TESTS  ON  LIGHTING  AND  PRODUCTION  RATES. 

To  ascertain  the  desirable  quantities  of  light  to  use  on  a 
basis  of  production  rates  calls  for  study  of  the  rates  of  production 
under  different  quantities  of  light  ranging  from  lower  to  higher 
values,  keeping  all  other  factors  in  the  management  of  the  plant 
as  nearly  unchanged  in  the  given  section  as  possible  while  the 
investigations  are  under  way.  Obviously,  this  is  a  task  of  con- 
siderable difficulty  and  data  of  this  nature  have  been  slow  to 
materialize.  Reports  ^  on  tests  in  a  number  of  plants  in  the 
Chicago  district  show  what  appears  to  be  an  interesting  relation 
between  the  production  rate  and  the  intensity  of  illumination 
provided  at  the  work^  In  one  plant,  for  example,  increases  in 
production  of  8  to  27  per  cent,  in  various  operations  followed 
an  increase  in  the  intensity  of  illumination  from  4  to  12  foot- 
candles,  the  lower  and  higher  values  having  been  in  use  for  two 
consecutive  months.  These  figures  tend  to  verify  the  close  rela- 
tionship existing  between  adequate  light  and  the  rate  of  work, 
and  the  figures  just  quoted  also  contain  the  further  interesting 
commentary  on  costs  of  light  in  that  a  general  figure  is  given  in 
the  report  that  by  the  expenditure  for  better  lighting  of  about 
5  per  cent,  of  the  pay  roll  in  a  plant  section,  a  15  per  cent,  increase 
in  production  can  usually  be  secured,  this  conclusion  being  based 
on  the  above  and  other  tests  in  the  Chicago  district. 

RELATIONS    OF    GOOD    LIGHT    TO    ACCIDENTS. 

The  above  relations  of  good  light  to  production  contain  the 
basis  for  much  help  in  the  education  of  shop  management  up  to  a 
higher  appreciation  of  the  advantages  of  such  facilities.  There  is, 
however,  the  other  important  aspect  of  light  as  a  factor  in  indus- 
trial accidents.  For  adequate  data  on  this  phase  of  the  subject 
we  may  turn  profitably  to  the  Casualty  Insurance  Companies, 
because  their  interests  are  intimately  connected  with  accident  pre- 
vention, and  if  lighting  is  a  material  factor,  it  would  naturally  be 
one  of  the  items  of  the  shop  equipment  to  engage  the  attention 
of  such  casualty  companies. 

From  such  sources  reports  from  time  to  time  have  shown 

'A  Paper  on  "Productive  Intensities,"  by  Wm.  A.  Durgin,  Trans.  Illu- 
minating Engineering  Society,  Vol.  xiii.  No.  8,  p.  421. 


64  C.  E.  Clewell.  [J-  F- 1- 

that  the  industrial  accident  rate  in  this  country  is  influenced 
to  quite  an  extent  by  improper  or  inadequate  light.  In  fact,  the 
extent  of  this  influence  has  been  expressed  as  equal  to  about  18 
per  cent,  at  the  present  time;  that  is  to  say,  about  18  per  cent. 
of  all  industrial  accidents  are  said  to  be  due  directly  or  indirectly 
to  poor,  or  what  may  be  termed  defective,  lighting  conditions.* 
This  may  be  interpreted  as  the  quivalent  of  so  much  labor  loss  per 
annum  and  estimates  place  this  loss  as  the  equivalent  of  removing 
about  100,000  workmen  from  American  industries  for  an  entire 
year  each  year.  The  similar  estimate  for  the  labor  loss  due  to 
accidents  from  all  causes  has  been  set  as  the  equivalent  of  remov- 
ing about  600,000  men  for  an  entire  year  each  year,  so  that  the 
loss  due  to  poor  light  is  seen  to  be  about  one-sixth  of  the  total. 
In  19 10  the  per  cent,  of  total  industrial  accidents  chargeable  to 
poor  light,  directly  or  indirectly,  was  set  at  about  24  per  cent., 
although  the  investigation  of  the  records  of  the  particular  Casualty 
Insurance  Co.,  on  which  the  figure  was  based,  resulted  in  a 
figure  of  about  10  per  cent,  in  1910  for  the  accidents  due  pri- 
marily to  poor  light,  whereas  the  remaining  14  per  cent,  repre- 
sented cases  where  poor  lighting  was  merely  a  contributory  cause. '"^ 
Apparently  the  figure  of  about  24  per  cent,  for  19 10  may  be  com- 
pared roughly  with  the  more  recent  figure  of  18  per  cent,  for 
19 1 8,  on  the  basis  of  which  the  conditions  seem  to  have  improved 
slightly  in  the  eight-year  interval. 

HIGH  ACCIDENT  RATE   IN   WINTER   MONTHS. 

An  interesting  conclusion  has  been  drawn  from  the  well-known 
curves  of  Mr.  John  Calder,  first  published  in  the  Transactions 
of  the  American  Society  of  Mechanical  Engineers,  as  showing 
the  increase  in  the  number  of  accidents  in  the  industries  which 
are  fatal  for  that  part  of  the  year  in  which  normal  day  hours  from 
7  A.M.  to  6  P.M.  are  partially  dark.  This  conclusion**  indicates 
that  the  number  of  accidents  in  the  months  of  December  and 
January  are  usually  greater  than  the  nnni1)cr  that  would  be 
expected  from  the  curves  if  the  same  amount  of  light  (daylight) 

*  A  Paper  on  "  The  Relation  of  Light  Curtailment  and  Accidents,"  by 
R.  E.  Simpson,  Trans.  IlluminatinK  Engineering  Society,  Vo].  xiii,  No.  8,  p.  4,31. 

°A  Paper  on  "Illumination  and  One  Year's  Accidents,"  liy  Iv.  E.  Simpson, 
Trans.  Illuminating  Engineering  Society,  Vol.  x,  No.  9,  p.  S70. 

'See  reference  given  in  footnote  5,  p.  869. 
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existed  in  winter  as  in  summer.     In  fact,  the  increase  based  on 
the  given  curves  has  been  set  at  40  per  cent. 

To  the  foregoing  figures  there  might  be  added  many  con- 
vincing descriptions  of  specific  cases  where  poor  fighting  has  been 
the  primary  cause  of  accidents,  both  fatal  and  less  serious,  as 
compiled  from  the  experiences  of  the  Casualty  Insurance  Compan- 
ies, and  these  would  tend  to  confirm  the  general  conclusions  just 
mentioned  concerning  the  relation  between  light  and  industrial 
safety.  The  fact  that  poor  light  is  a  large  factor  in  accident 
hazard  has  probably  been  covered  sufficiently,  however,  to  indicate 
why  state  labor  departments  have  begun  to  include  lighting 
regulations  among  their  industrial  rules  as  one  of  the  important 
factors  in  the  whole  campaign  of  accident  prevention  and  the 
safeguarding  of  the  life  and  limb  of  industrial  employees. 

ENGINEERING   DETAILS   OF   NATURAL  LIGHTING. 

The  engineering  details  involved  in  planning  for  natural 
lighting  facilities  are  fundamentally  more  difficult  than  those  for 
artificial  illumination  because  of  the  extremely  variable  nature 
of  the  daylight  throughout  given  days  and  for  the  same  hour  of 
the  day  at  different  times  of  the  year.  Furthermore,  many  factors, 
such  as  the  use  of  side  windows  which  supply  natural  light  in  a 
manner  not  symmetrical  to  the  floor  space,  and  the  presence  of 
nearby  structures  to  impede  the  light,  make  it  very  difficult  to 
assign  definite  rules  for  daylight  planning. 

The  general  trend  of  development  in  the  desgin  of  modern 
factory  buildings  has  been  to  employ  larger  and  larger  proportions 
of  window  space,  until  extremes  have  been  reached  in  some  cases 
and  the  natural  illumination  has  been  made  excessive  and  uncom- 
fortable to  the  employees  housed  in  such  structures.  Architects 
and  other  factory  construction  designers  tend  to  work  towards 
constants  such  as  certain  ratios  of  window  area  to  floor  area  in 
their  plans,  and  this  can  be  made  a  good  basis,  provided  such 
constants  are  used  with  due  regard  to  the  fundamental  points 
involved.  Without  using  proper  care  in  the  application  of  such 
constants,  window  planning  reduces  to  little  more  than  a  rule  of 
thumb  calculation,  and  the  results  may  be  good  or  bad,  depending 
on  the  nature  of  the  factors  which  surround  the  structure. 

To  illustrate  the  attitude  taken  towards  the  use  of  such  con- 
stants it  may  be  in  place  to  mention  a  very  caustic  letter  which  I 
received  some  time  ago  from  a  party  interested  in  the  problem 
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of  reducing  structural  daylight  plans  to  a  simple  formula  basis. 
I  had  taken  the  attitude  that  due  to  the  large  number  of  factors 
involved,  set  rules  were  difficult  to  formulate.  This  I  still  feel 
to  be  the  case,  although  the  tendency  of  well-designed  factory 
buildings  to  adhere  to  fairly  well-defined  ratios  of  the  window 
to  the  floor  space  may  be  taken  to  indicate  the  possibility  of  using 
such  figures  for  new  structures  with  proper  precautions. 

Fig.  I. 
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SOME  FACTORS  INVOLVED  IN  DAYLIGHT  PLANNING. 

I  shall  endeavor  in  the  following  paragraphs  to  show,  first, 
some  of  the  factors  which  the  plans  for  interior  natural  lighting 
include,  and  then  to  point  to  the  basis  which  may  be  taken  in  the 
formulation  of  simple  rules  for  such  work.  First,  consider  the 
effect  of  adjacent  structures.  A  window  which  might  admit  a 
generous  supply  of  daylight  is  often  rendered  more  or  less  useless 
by  the  presence  of  a  taller  building  located  only  a  short  distance 
away.     This  is  shown  in  the  upper  part  of  Fig.    i   by  the  line 
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passing  from  the  upper  part  of  the  structure  on  the  left,  through 
the  top  of  the  window  to  the  floor  within.  Any  point  on  the 
bench  surface  to  the  right  of  the  intersection  of  this  Hne  with 
the  surface  receives  no  direct  Hght  from  the  sky  through  the  left 
window.  Similarly,  no  point  on  the  floor  to  the  right  of  a  in  the 
diagram  receives  any  light  directly  from  the  sky  through  the  left 
window.  This  does  not  mean,  of  course,  that  those  parts  of  the 
floor  to  the  right  of  a  are  in  darkness,  but  the  light  must  come 
from  reflections  from  the  opposite  building  face  or  from  reflec- 
tions from  those  parts  of  the  building  interior  which  receive  light 
directly  from  the  sky,  as  far  as  the  left  window  is  concerned. 
The  actual  daylighting  effect  in  such  a  building  might  be  decidedly 
different  from  that  in  an  exactly  similar  structure  where  such  an 
obstruction  (that  is  to  say,  the  building  on  the  extreme  left)  did 
not  exist,  and  it  is  just  such  a  factor  that  the  constants  of  ratio 
of  window  to  floor  area  cannot  in  themselves  well  include. 

MULTIPLE  STORY  BUILDINGS. 

Similar  obstruction  effects  are  often  very  pronounced  in  the 
lower  floors  of  multiple  story  buildings.  Note  in  Fig.  2  the  fact 
that  the  window  to  the  right  in  the  fourth  floor  admits  light 
directly  from  the  sky  all  the  way  across  the  room,  whereas  the 
effect  of  the  taller  structure  to  the  left  is  to  curtail  to  a  considerable 
extent  the  effectiveness  of  the  fourth  floor  window  on  the  left. 
Left  window^s  on  the  first  floor  are  practically  useless  as  far  as 
any  light  directly  from  the  sky  is  concerned.  Effects  of  this  kind 
are  experienced  daily  in  the  offices  of  tall  ofiice  buildings  in  con- 
gested parts  of  the  city,  w^here  artificial  light  is  required  contin- 
uously throughout  many  days  in  spite  of  the  normal  window  areas 
provided. 

An  inspection  of  Fig.  2  will  show  that  if  the  ratio  of  window 
area  to  floor  area  is  specified  from  tables  of  such  constants  with- 
out regard  to  differences  in  the  effectiveness  of  the  windows  for 
the  various  floors,  the  actual  illumination  will  vary  considerably 
for  different  floors  unless  some  special  devices,  such  as  suitable 
prisms,  are  used  for  the  low^er  floors  to  re-direct  the  light  over 
wider  floor  areas  than  is  possible  with  plain  window  glass.  Put 
in  another  way,  a  set  rule  for  the  ratio  of  window  area  to  floor 
area,  in  a  case  like  Fig.  2,  might  give  adequate  interior  lighting 
for  the  upper  floors  but  it  might  be  very  inadequate  for  the  lower 
floors. 
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LIGHT  TRANSMITTED  THROUGH  WINDOW  GLASS. 

Fig.  3  indicates  the  decrease  in  the  per  cent,  of  Hght  trans- 
mitted through  plain  window  glass  in  terms  of  the  light  incident 
upon  the  outer  surface  of  the  window  for  various  angles  of  inci- 
dence, the  definition  of  angle  of  incidence  as  here  employed  being 
expressed  by  the  small  auxiliary  diagram  at  the  top  of  the  figure." 

Fig.  2. 
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This  diagram  illustrates  the  importance  of  rather  low  angles  of 
incidence  for  plain  window  glass  if  the  per  cent,  of  transmitted 
light  is  to  l)e  large.  Where  the  angles  of  incidence  are  high, 
as  with  the  lower  story  windows  of  tall  buiklings  with  other  tall 
buildings  opposite,  the  amount  of  transmitted  light  for  plain  glass 
is  reduced,  in  general,  according  to  this  curve,  and  the  necessity 

'See  "Principles  and  Design  of  IiKkerior  Illumination,"  by  L.  R.  Marks. 
"  Lectures  on  Illuniinating  HnKinecrins,"  Johns  Hopkins  Press,  Vol.  ii,  p.  663. 
See  also  Metal  Worker.  rUtiiiher  and  Steam  Fitter,  Jan.  4  and  18.  and 
Feb.  I,  1918. 
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of  special  types  of  glass  for  the  re-direction  of  the  light  into  the 
building  becomes  relatively  greater.  This  curve  starts  with  10 
per  cent,  at  zero  angle  of  incidence,  meaning  that  plain  window 
glass  is  assumed  to  absorb  about  10  per  cent,  of  the  light  normally 

Fig.  3. 
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incident  upon  its  surface.  I  am  indebted  to  Dr.  Peter  A.  Callan, 
of  New  York  City,  for  a  reference  to  the  work  of  Sir  William 
Crookes,  about  1909,  on  glass.  He  mentions  what  is  termed  glass 
No.  187,  made  up  of  fused  soda  flux  83  per  cent.,  and  cerium 
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nitrate  crystallized  17  per  cent.,  for  which  the  claim  is  made  that 
99  per  cent,  of  the  light  incident  to  the  surface  is  transmitted.'^ 

TYPES  OF  FACTORY  WINDOW  GLASS. 

The  use  of  types  of  glass  other  than  plain  glass  for  factory 
windows  has  received  considerable  attention.  The  well-known 
tests  of  Prof.  Chas.  L.  Norton,  of  the  Massachusetts  Institute  of 
Technology,  along  this  line,  may  be  summarized  as  follows:  (a) 
That  the  common  rough  plate  or  hammered  glass  has  very  little 
action  as  a  diffusing  medium,  giving  no  perceptible  change  in 
the  effective  light  within  the  building;  (b)  that  the  light  in  a  room 
30  or  more  feet  deep  may  be  increased  from  3  to  1 5  times  its  pres- 
ent effect  by  using  factory  ribbed  glass  instead  of  plain  glass  in 
the  upper  sashes ;  (c)  that  of  the  ribbed  glasses,  the  factory  ribbed 
with  21  ribs  to  the  inch  is  distinctly  the  best,  and  not,  in  all  proba- 
bility, because  of  the  fineness,  but  because  of  the  greater  sharpness 
of  the  corrugations;  (d)  that  ribbed  wnre  glass  is  about  20  per 
cent,  less  effective  than  the  ordinary  factory  ribbed  glass  ;  (e)  that 
prism  glass,  like  the  factory  ribbed,  is  more  effective  in  increasing 
the  light  when  the  light  is  restricted,  as  in  a  narrow  alley  or  light 
shaft,  than  when  the  window  has  an  open  exposure  with  a  wide 
sky  angle;  and  (/)  that  rooms  with  windows  opening  upon  light 
shafts  and  narrow  alleys  with  very  limited  sky,  where  the  available 
light  is  now  small,  may  have  the  light  20  feet  back  from  the 
windows  increased  ten  to  twenty  times  by  using  prisms." 

The  Aberthaw  Construction  Company  has  derived  the  follow- 
ing conclusions  from  information  they  have  gathered,  namely, 
that  ( I )  the  ribbed  glass,  prices  being  equal,  is  under  all  conditions 
better  than  the  rough  or  hammered  glass,  giving  more  light  under 
favorable  conditions  and  as  much  light  under  all  conditions ; 
(2)  the  objection  due  to  dirt  and  dust  collection  on  the  rough 
surfaces  can  be  obviated;  (3)  prism  glass  is  really  worth  while 
and  will  positively  increase  the  amount  of  light  under  certain 
conditions;  and  (4)  ribbed  wire  glass  is  about  20  per  cent,  less 
effective  than  ordinary  factory  ribbed  glass. 

"Philosophical  Transactions  of  the  Royal  Society,  London,  Series  A. 
Vol.  ccxiv,  pp.  I,  25. 

"From  information  submitted  l)y  the  Aberthaw  Construction  Company, 
for  the  use  of  the  Kmploymcnt  Manaj^emcnt  Division  of  the  War  Industries 
Board.  1918. 
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REFLECTIONS   FROM    OPPOSITE    BUILDING   FRONTS. 

The  effect  of  reflections  from  opposite  building  fronts  has 
been  investigated  and  the  curve  in  Fig.  4  shows  the  results  for 
various  reflection  constants  of  the  adjacent  or  opposite  building 
faces. ^^    The  curve  here  shown  is  based  on  three  reflections  from 

Fig.  4. 


Illumination  in  Fool  Candles  - 10  ft.  from  Ground  Level 

\ 

5^ 

\ 

\ 

f 

0 
c 

\ 

\ 

\ 

\ 

\ 

5. 

<  -  - 

Jllu 
X>ire 

mina 
zflyfo 

honL 
ihe5 

--♦ 

Addifionc 
Illum'inaf 

\ 

ton  \ 

C3 

Due 
fior 

foFei 

Sfroi 
lOS'lt^ 

ding 

lee-'  \ 

•79 

\ 

^Plr 
Bull 

front 

A 

\ 

the  opposite  building  front,  and  indicates  the  importance  to  in- 
terior lighting  in  relatively  narrow  streets  faced  on  each  side  by 
high  buildings  of  having  the  fronts  of  the  building  light  colored. 
Factors  of  the  kind  just  discussed  show  that  various  factory 
buildings  of  the  same  general  outlines  and  with  equivalent  ratios 
of  window  to  floor  area  may  have  widely  different  daylight  illu- 
mination effects  throughout  their  interior  working  surfaces. 


THE   DAYLIGHT   FACTOR. 


It  is  of  interest  at  this  point  to  consider  the  natural  illumination 
within  a  factory  in  comparison  with  that  at  a  point  outside  the 
building  under  the  open  sky.  These  differences  have  been  com- 
mented upon  from  time  to  time  by  various  writers,  but  their 
significance  to  the  interior  lighting  problem,  particularly  in  older 


'"  See  reference  quoted  in  footnote  7,  p.  665. 
C.  O.  Basquin. 


Based  on  original  tests  of 


72 


C.  E.  Clewell. 


[J.  F.  I. 


Structures,  may  readily  be  overlooked.  The  ratio  of  the  illu- 
mination intensity  at  a  point  within  a  factory  to  the  intensity  at 
the  same  point,  if  it  were  exposed  to  the  open  sky,  may  be  termed 
a  measure  of  the  daylight  efficiency  of  a  building  for  the  given 
point,  and  it  is  sometimes  called  the  "  daylight  factor  "  for  the 
given  point. ^^      A  simple  suggested  method  for  determining  the 

Fig.  5. 
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daylight  factor  for  a  given  point  within  a  building  is  shown  in 
Fig.  5.  Average  values  of  the  daylight  factor  in  a  report  issued 
by  the  British  Government  range  from  0.25  to  2.^  per  cent,  for 
given  cases  investigated,  of  course  with  values  above  and  below 
these  averages,  and  the  lowest  values  referring  to  day  lighting 
with  side  windows  only. 

The  extreme  variations  of  exterior  natural  illumination  inten- 
sities are  suggested  by  Fig.  6,'-  which  shows  the  conditions  for 
June,  September  and  December  in  one  geographical  location.  It  is 
now  possible  to  work  out  for  any  given  daylight  factor  correspond- 
ing to  one  or  more  points  within  a  factory,  what  the  intensities  of 

"  Suggested  by  A.  P.  Trotter  and  subsequently  developed  by  P.  F.  Wal- 
dram.  See  the  First  Report  of  the  l")ci)artniontal  Committee  on  Lighting  in 
Factories  and  Workshops,  London,  nt'S,  p.  .^H. 

"See  footnote  u,  p.  64,  of  tlir  l\c])()rl  referred  to.  Some  daylight  meas- 
urements in  this  country  may  lie  fduiid  in  Trans.  I.  E.  S.,  Vol.  xi,  No.  3. 
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Fig.  6. 
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natural  lighting  will  probably  be  at  different  hours  of  the  day  and 
for  different  days  of  the  year.  This  may  be  done  in  conjunction 
with  a  set  of  curves  similar  to  those  in  Fig.  6  corresponding  to 
the  geographical  location  in  question.  Fig.  7  indicates  the  intensi- 
ties for  8  A.M.,  at  noon  and  at  3  p.m.  for  what  may  be  called  typical 
December,  September  and  June  days  and  shows  that  for  the  as- 
sumed daylight  factor  the  intensities  fall  below  3.5  foot-candles 
all  day  on  typical  December  days  and  for  a  part  of  the  day  on 
typical  September  days.  Values  worked  out  on  this  basis  could 
readily  be  used  to  show  roughly  the  number  of  hours  per  day  for 
various  months  when  the  daylight  should  be  supplemented  by  arti- 


ficial light. 


MODERN  FACTORY  BUILDING   CONSTRUCTION. 


The  structural  developments  in  factory  building  design  have 
been  quite  marked  in  recent  years.    Fig.  8  indicates,  for  example, 


Fig.  8. 


■Saoh 


the  section  of  a  patented  Pond  truss  of  the  David  Lupton's  Sons 
Company,  where  the  problem  of  ventilation  has  l)een  combined 
with  that  of  the  natural  illumination.  The  dotted  lines  in  this 
figure  show  the  ventilation  air  currents,  while  the  under  concrete 
surfaces  of  the  V-shaped  structure  furnish  reflecting  backgrounds 
for  re-directing  the  daylight,  admitted  through  the  upper  win- 
dows, to  the  floor  beneath,  and  thus  tend  to  distribute  the  daylight 
uniformly  on  the  working  surfaces  throughout  the  shop.  Fig.  9 
indicates  one  of  these  buildings  in  the  process  of  construction, 
while  Fig.  10  shows  the  interior  of  such  a  structure  after  com- 
pletion. Some  idea  of  the  uniformity  of  the  interior  illumination 
may  be  gained  from  this  view. 

The  expense  of  steel  sash  for  factory  windows  is  roughly 
equal  to  the  equivalent  wall  area  under  certain  assumptions  as 
to  the  thickness  of  the  walls  and  the  types  of  construction  in- 
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Fig.  10. 
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volved.  As  the  area  of  window  space  increases  for  given  floor 
space,  however,  the  heating  faciHties  for  the  maintenance  of  a 
given  temperature  during  winter  months  also  increases  and  tends 
to  offset  the  advantages  which  might  be  claimed  for  indefinitely 
increasing  the  sash  area.  Thus  it  has  been  found  in  one  given 
case  that  the  use  of  side  wall  windows  instead  of  continuous  sash, 
with  a  decrease  in  glass  surface  and  a  corresponding  increase  in 
solid  wall  area,  would  result  in  a  less  costly  heating  plant,  the 

Fig.  II. 


heating  plant  with  continuous  sash  and  the  increased  glass  area 
for  this  particular  case  costing  about  lo  per  cent,  more  than  where 
side  wall  windows  with  a  decreased  glass  area  are  employed. 
These  figures  apply,  of  course,  to  one  given  case  only.  (Reported 
by  Mr.  K.  U.  Smith.) 

The  regulation  of  windows  and  continuous  sash  for  venti- 
lation purposes  is  of  course  important,  and  in  Fig.  ii  the  ability 
to  open  the  long  lines  of  so-called  Lupton  continuous  sash  is 
demonstrated,  such  motion  being  possible  either  by  hand  or  by 
power  operated  devices. 

The  possibilities  of  highly  ade(|uate  daylight  facilities  through 
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properly  designed  buildings  are  probably  apparent  from  the  fore- 
going notes.  Specific  rules  would  be  desirable  for  window  plan- 
ning in  factory  buildings,  but  the  above  shows  that  the  problem 
is  complicated  by  factors  of  design.  Simple  rules  will  doubtless 
materialize,  and  in  fact  it  would  be  possible  here  to  append  ratios 
of  window  area  to  floor  area  for  a  great  variety  of  factory  struc- 
tures, but  they  may  readily  be  obtained  by  anyone  interested  in 
the  problem  from  the  sash  manufacturers  and,  moreover,  it  is 
well  to  remember  that  such  figures,  in  themselves,  may  at  times 
be  misleading  and  should  only  be  applied  to  a  proposed  new  build- 
ing if  they  include  in  their  application  such  important  considera- 
tions as  typified  by  (a)  adequate  daylight  in  all  parts  of  the 
building  during  normal  daylight  hours ;  that  is  to  say,  the  suitable 
distribution  of  the  light;  (&)  the  avoidance  of  extremes  in  glare, 
and  (r)  proper  limits,  without  prejudice,  of  course,  to  the  ade- 
quacy of  the  natural  illumination,  governed  by  heat  losses  where 
window  areas  are  made  too  large  and  where  the  heating  costs 
increase  correspondingly. 

ENGINEERING   DETAILS   OF   ARTIFICIAL    LIGHTING. 

The  comparative  simplicity  of  the  design  of  artificial  lighting 
systems  in  contrast  to  those  for  natural  lighting  has  already  been 
referred  to  as  being  due  partly  to  the  possibility  of  a  more  sym- 
metrical arrangement  of  lamps,  when  mounted  overhead,  and 
when  referred  to  the  working  surfaces  wdiich  are  distributed 
through  the  floor  space,  than  w^iere  side  windows  are  depended 
upon  as  the  sole  source  of  the  natural  light.  This  is  made  clear 
by  a  comparison  of  Figs.  12  and  13.  In  Fig.  12  it  will  be  noted 
that  there  is  a  lack  of  symmetry  in  the  distribution  of  the  daylight 
on  the  floor  area,  the  intensities  being  greater  near  the  side  wall 
window^s  and  fairly  deep  shadows  being  cast  on  the  floor  near  the 
centre  of  the  room.  Of  course,  it  is  apparent  that  if  roof  lighting 
is  employed,  the  distribution  of  daylight  can  be  made  much  more 
uniform  than  in  Fig.  12,  but  roof  lighting  is  limited  to  single 
story  buildings  or  to  the  top  floors  of  multiple  story  structures. 
Fig.  13  shows  a  factory  space  with  the  artificial  lighting  system 
in  use  at  night.  It  will  be  noted  in  Fig.  13  that  the  distribution 
of  light  over  the  entire  floor  and  w^orking  areas  is  unusually  good, 
due  to  the  symmetrical  arrangement  of  the  mercury  vapor  lamps 
over  the  ceiling  area.  This  view  also  indicates  in  an  exceptional 
manner  the  great  advantage  in  the  use  of  medium-sized  lamps  for 
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factory  spaces  with  intermediate  ceiling  heights  such  as  here 
shown. 

TYPES  OF  LAMPS. 

The  principal  types  of  electric  lamps  now  used  for  factory 
lighting  are  the  Mazda  and  the  mercury  vapor  types.  Arc  lamps, 
although  used  to  some  extent  in  earlier  practice,  have  given  way 
in  many  cases  for  interior  industrial  purposes  to  the  other  types. 
A  typical  Mazda  lamp  installation  is  shown  in  Fig.  14,  while 
Fig.  15  shows  a  section  of  the  Gould  and  Eberhardt  works  at 
Irvington,  N.  J.,  equipped  with  mercury  vapor  lamps.  In  addition 
to  the  lamps  down  the  central  part  of  this  aisle,  it  will  be  noted 
that  the  same  type  of  lamp  is  employed  under  crane  runways  on 
either  side  of  the  aisle  for  the  illumination  of  benches  and  nearby 
floor  space.  Either  system,  that  is  to  say,  with  Mazda  or  with 
mercury  vapor  lamps,  can  be  planned  so  as  to  give  excellent 
results,  and  quite  a  number  of  industries  make  use  of  both  systems, 
employing  the  mercury  vapor  lamps  in  those  parts  of  the  shop 
where  the  particular  quality  of  light  from  such  sources  is  con- 
sidered as  meeting  the  special  needs  of  the  work,  and  the  ]\lazda 
lamps  in  other  departments. 

REFLECTORS  FOR  MAZDA  LAMPS. 

With  the  Mazda  lamps  the  need  of  reflectors  is  particularly 
great  on  account  of  the  character  of  the  distribution  of  the  light 
from  the  bare  lamp,  and  also  because  of  the  great  brilliancy  of 
the  lamp  filament.  In  fact,  the  design  of  any  industrial  lighting 
system  should  be  based  upon  a  careful  study  of  the  reflectors  to 
be  used  with  such  lamps,  if  the  system  is  to  be  effective  and 
highly  efficient  in  the  utilization  of  the  available  light.  Fortu- 
nately, a  good  deal  of  attention  has  been  given  to  reflector  design 
and  the  types  now  on  the  market  are  sufficient  to  meet  ordinary 
needs  provided  they  are  selected  intelligently.  Standards,  which 
take  into  account  the  factors  which  the  reflector  should  accomplish 
and  the  proper  points  in  the  design  of  the  reflector  to  meet  these 
factors,  have  been  developed,  and  it  is  planned  to  nuu-kct  such  a 
standard  line  of  lamp  auxiliaries  under  the  trade  designation  of 
the  R  L  AI  standard. 

An  interesting  development  in  recent  reflector  design  has  been 
worked  out  in  the  so-called  "  Reflecto-Cap  "  type,  in  which  a  small 
cap  is  placed  beneath  the  lower  part  of  the  lamp  bulb,  thus  protect- 
ing the  eyes  of  employees  from  the  l)rilliancy  of  the  filament  itself. 
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The  inner  surface  of  this  close-fitting  cap  is  tinished  so  as  to  be 
a  good  reflector  and  thus  re-directs  a  fair  proportion  of  the  light 
that  would  ordinarily  go  downward  to  the  under  side  of  a  large 
metal  reflector  placed  above  the  lamp.  This  scheme  approximates 
an  increase  in  the  area  of  the  light  source  and  produces  a  less 
harsh  effect  than  that  of  a  system  in  which  the  bare  filament  of 
the  lamp  is  visible.  A  system  of  lighting  making  use  of  this 
Reflecto-Cap  unit  is  shown  in  Fig.  16,  and  the  excellent  quality 

Fk;.  16. 
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and  distribution  of  the  light  is  evidenced,  to  some  extent,  by  the 
freedom  of  shadows  on  the  floor  space,  in  spite  of  the  numerous 
machines  in  this  shop. 

THE  OVERHEAD  VERSUS  THE  LOCALIZED  SYSTEMS  OF  LIGHTING. 

In  Fig.  17  a  good  example  is  shown  of  what  may  be  termed  the 
overhead  or  the  general  system  of  factory  illumination,  these  terms 
being  used  to  distinguish  it  from  the  older,  although  frecjuently 
used  system  of  local  lamps  placed  close  to  each  machine  or  directly 
above  and  close  to  each  bench  surface.  In  older  practice,  it  was 
often  found  that  some  general  illumination  from  overhead  lamps 
was  desirable  in  addition  to  that  of  lamps  close  to  individual 
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machines.  The  function  of  the  general  ilkimination  in  such  cases 
was  to  furnish  some  Hght  to  the  spaces  between  machines  and 
in  the  aisles,  the  latter  spaces  ordinarily  being  provided  with  a 
less  intensity  than  the  points  of  work  directly  under  the  local 
lamps.  The  possibilities  of  using  Mazda  and  mercury  vapor  lamps 
overhead  and  in  such  density  of  numbers  as  to  furnish  highly 
adequate  illumination  over  the  entire  floor  area,  has  led  to  quite 
a  general  adoption  of  this  method  of  lighting  by  many  pro- 
gressive plants. 

Fig.  it. 


The  illumination  of  the  entire  lloor  .space  of  a  factory  section 
to  an  intensity  adequate  for  accurate  workmanship  might  seem  at 
first  to  be  an  uneconomical  jjrocedure  inasnuich  as  a  part  only 
of  the  floor  s])ace  is  usually  so  used  at  any  one  time.  However,  the 
following  advantages  commend  it  as  worth  while  :  (a)  With  every 
part  of  the  floor  space  ecpially  well  lighted,  work  may  be  con- 
ducted at  any  ])()int  of  the  floor  without  regard  to  the  location 
of  the  lamps.  This  makes  it  possible  td  arrange  the  work,  the 
benches,  assembly  and  other  operations,  in  such  a  way  as  to 
facilitate  the  se(|uence  of  operations  and  so  as  to  accommodate 
the  best  scheme  of  routing  materials,  without  any  regard  to  the 
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lamps.  If  it  becomes  desirable  from  the  standpoint  of  manufac- 
ture to  move  a  bench  or  to  rearrange  the  location  of  some  of  the 
machiner}-.  local  lighting  nearly  always  requires  some  readjust- 
ments of  the  lamps  and  the  wiring,  which  is  not  only  expensive 
but  a  decided  inconvenience,  (b)  The  prevalence  of  shop  acci- 
dents in  aisles  and  spaces  adjacent  to  machines  rather  than  at  the 
machines  themselves,  indicates  the  importance  of  adequate  light 
not  only  at  the  machinery  but  also  in  the  adjoining  spaces.  The 
general  overhead  system  obviously  takes  care  of  this  point,  (c) 
Moreover,  the  idea  that  machine  tools  should  have  a  local  lamp 
or  lamps  close  to  the  working  position  of  the  operator  is  often 
erroneous.  Where  the  general  lighting  is  made  adequate  in  inten- 
sity and  where  the  side  component  of  the  illumination  is  sufficient 
from  overhead  lamps  to  illuminate  successfully  the  sides  of  the 
work  in  such  machines,  the  problem  may  readily  be  solved,  in 
many  cases  by  the  overhead  scheme,  without  resorting  to  individ- 
ual or  local  lamps. 

INTENSITIES  OF  ARTIFICIAL  LIGHTING. 

Three  principal  points  stand  out  in  the  design  of  any  factory 
lighting  system,  namely,  the  quantity  of  the  illumination  to  use 
for  given  classes  of  work,  tlie  proper  distribution  of  the  light, 
and  tlie  avoidance  of  glare.  These  points,  without  regard  to  other 
items  which  must  often  also  be  taken  into  account,  are  funda- 
mental to  the  success  of  the  average  system.  Although  the  quantity 
of  light  is  often  popularly  looked  upon  as  the  item  of,  greatest 
importance,  at  the  present  time  the  avoidance  of  glare  may  be 
taken  as  probably  more  vital  to  the  interests  of  eyesight  than 
either  of  the  other  items  just  mentioned.  This  statement  is 
based  upon  the  unusual  neglect  of  factory  owners  to  employ 
shielding  devices,  such  as  reflectors  or  shades,  with  the  brilliant 
Mazda  lamps  which  are  now  so  commonly  used.  It  may  be  noted, 
however,  that  while  the  use  of  reflectors  is  practically  fundamental 
to  the  avoidance  of  glare  with  Mazda  lamps,  the  use  of  reflectors 
also  bears  very  closely  upon  the  other  two  factors  of  quantity 
and  of  distribution  of  light. 

It  is  well  to  note  that  a  comparison  between  natural  and 
artificial  lighting  indicates  that  the  ordinary  intensities  of  natural 
light  are  far  in  excess  of  those  which  can  economically  be  looked 
for,  or  which  are  even  necessary  with  artificial  lighting.  The 
eye  possesses  a  marked  degree  of  flexibility  in  the  illumination 
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intensities  with  which  vision  is  possible  and  comfortable.  A 
simple  test  of  this  is  to  read  a  newspaper  in  the  elevated  or  sub- 
way surface  cars  just  before  entering  the  subway  from  daylight 
conditions  and  to  note  that  little  effort  is  required  to  continue 
reading  comfortably  under  the  electric  car  lamps,  although  the 
intensity  of  the  artificial  light  may  be  very  small  in  comparison 
with  the  intensity  of  the  previous  daylight.  Another  impression 
may  be  gained  of  these  large  differences  by  noting  that  interior 
intensities  of  50  or  more  foot-candles  are  common  near  windows 
by  day,  whereas  at  night,  reading  may  be  done  comfortably  with 
artificial  lighting  intensities  of,  say,  two  or  three  foot-candles; 
that  is  to  say,  only  5  per  cent,  of  the  foregoing  daylight  value. 
This  means  that  due  to  the  peculiar  adaptability  of  the  eye  to 
lower  intensities  of  artificial  illumination  at  night,  it  is  not  neces- 
sary to  provide  nearly  as  high  intensities  with  an  artificial  lighting 
system  as  would  at  first  be  supposed  based  merely  upon  what  might 
be  termed  daylight  standards.  When  artificial  light  is  required 
to  supplement  inadequate  daylight,  however,  then  it  becomes 
more  important  to  consider  higher  intensities  of  the  artificial  illu- 
mination because  of  its  direct  competition  under  such  circum- 
stances with  daylight  values. 

INTENSITY   STANDARDS. 

The  whole  question  of  intensity  values  to  employ  for  any 
given  demands  upon  vision,  such  as  those  imposed  by  various 
classes  of  work  or  different  degrees  of  refinement  in  the  discrim- 
ination of  detail  in  the  objects  looked  at,  is  one  which  does  not 
yet  seem  to  have  been  conclusively  demonstrated.  Illuminating 
engineers,  and  in  fact  practically  anyone  who  is  called  upon  to 
decide  how  much  light  to  furnish  for  given  working  operations, 
usually  depend  upon  their  judgment,  which  is  often  based  upon 
conditions  which  have  seemed  satisfactory  in  other  similar  loca- 
tions. This  scheme  is  safe  as  far  as  it  goes,  but  it  is  very  difficult 
to  tell  when  a  given  system  is  satisfactory  from  every  standpoint 
of  vision.  I  have  seen  a  lighting  system  installed  which  was  far 
superior  to  the  older  system  that  it  superseded,  but  which,  at  the 
same  time,  was  inferior  to  a  still  better  system  that  was  later 
proposed.  Here  the  employees  thought  the  second  improved  sys- 
tem was  very  satisfactory  because  of  its  comparison  with  a  very 
much  inferior  .system.  The  judgment  of  the  employees  here,  if 
taken  on  a  basis  of  what  was  considered  satisfactory,  might  have 
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been  materially  different  from  what  it  would  have  been  had  they 
been  asked  for  an  opinion  under  a  still  more  nearly  ideal  arrange- 
ment of  lamps. 

I  feel  strongly  that  the  specification  of  the  proper  quantity 
of  illumination  to  use  for  varying  visual  demands  is  a  matter 
which  is  far  from  solved,  and  that  probably  the  only  way  in 
which  it  could  ever  be  solved  positively  would  be  to  take  ophthal- 
mological  observations  upon  given  observers  under  a  given  class 
of  work  for  different  degrees  of  illumination  intensity  and  over 
sufficiently  long  periods  to  take  into  account  the  effects  of  the 
illumination  upon  permanent  depression  of  the  eyesight.  Tem- 
porary judgments  based  on  casual  observations  do  not  take  into 
account  this  factor  of  long  continued  use  of  the  light  and  hence 
lack  at  least  one  element  involved.  The  excellent  work  of  Ferree 
and  Rand  at  Bryn  Alawr  College  has  given  to  the  lighting  art 
a  good  deal  of  useful  information  along  this  general  direction. 

SAFETY  STANDARDS  OF  INTENSITY. 

There  is  another  side  of  intensity  specifications,  however, 
which  can  be  approached  with  somewhat  more  confidence,  and 
this  is  the  matter  of  providing  enough  light  to  safeguard  employees 
against  accidents  and  to  specify  minimum  values  below  which 
manufacture  cannot  well  be  conducted  without  a  likelihood  of 
time  losses  and  inaccuracies  in  workmanship.  The  state  codes 
now  in  force  in  several  of  the  states,  which  have  been  based  on 
the  code  prepared  by  the  Committee  on  Lighting  Legislation  of 
the  Illuminating  Engineering  Society, ^^  have  included  specifica- 
tions on  this  minimum  basis,  and  then  usually  add  for  each  class 
of  work  a  higher  value,  which  is  headed  as  a  desirable  intensity. 

In  the  preparation  of  tables  of  suitable  intensities  of  illumina- 
tion for  all  classes  of  work,  and  for  the  various  ramifications  of 
manufacture,  two  difficulties  present  themselves,  the  one  being 
a  lack  of  information  on  just  what  the  illumination  requirements 
are  for  these  almost  infinite  operations,  with  their  varying  shades 
of  form,  color  and  detail,  and  the  second  being  the  cumbersome 
extent  of  such  a  list  which  w'ould  endeavor  to  cover  all  cases. 
In  the  original  code  of  the  Illuminating  Engineering  Society,  all 
industrial  processes  were  summarized  under  the  four  heads:  {a) 
Storage,  passagew-ays,  stairways,  and  the  like;  {h)  rough  manu- 
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facturing  and  other  operations;  (c)  fine  manufacturing  and  other 
operations;  and  (d)  special  cases  of  fine  work.  Later,  these 
hsts  of  classification  groups  have  been  elaborated  somewhat, 
although  the  Illuminating  Engineering  Society's  code  has  been 
based  on  this  general  scheme  of  classification  through  its  revisions, 
with  the  addition  of  several  groups.  There  is  a  tendency  m  one 
and  another  of  the  state  codes  to  amplify  the  lists  of  operations 
and  to  specify  intensities  for  a  larger  number  of  detailed  cases. 

DISTRIBUTION  AND  GLARE. 

The  question  of  how  the  light  should  be  distributed  over  a 
factory  floor  area  is  one  which  must  be  determined  by  the  density 
of  the  work  and  how  near  an  approach  may  be  desired  towards 
a  perfectly  uniform  condition  throughout  the  entire  floor  space. 
Reflectors  perform  an  important  function  in  the  correct  dis- 
tribution of  light  from  lamps,  which,  by  themselves,  might  not 
result  in  nearly  so  satisfactory  a  lighting  system. 

The  avoidance  of  glare  is  of  the  utmost  importance,  and  has 
already  been  touched  upon.  In  its  simplest  form,  the  avoidance 
of  glare  is  approached  by  the  workman  when  he  surrounds  his 
otherwise  bare  local  lamp  with  a  piece  of  paper,  or  hangs  up  a 
piece  of  cardboard  in  front  of  the  lamp  so  as  to  prevent  the  strong 
light  of  the  lamp  from  shining  directly  into  his  eyes.  From 
several  standpoints,  the  proper  attention  to  this  feature  in  the 
lighting  system  is  one  of  the  most  important  items  of  all,  and 
one  authority  has  gone  so  far  as  to  say,  in  effect,  that  if  no  other 
improvements  were  made  in  existing  systems  of  factory  lighting 
than  the  equipment  of  each  lamp  with  a  suitable  reflector  so  as  to 
cut  off  from  the  eyes  all  direct  rays  from  the  brilliant  filaments, 
that  considerable  improvement  would  probably  be  made  in  the 
reduction  of  industrial  accidents.  Obviously,  the  reduction  of 
eye  strain  and  the  improved  workmanship,  which  such  a  course 
would  promote,  would  also  be  decided  advantages. 

MAINTENANCE    OF   THE   SYSTEM. 

The  effects  of  light  colored  surfaces  for  walls,  ceilings  and 
columns  have  long  been  recognized  as  quite  a  factor  in  the  effec- 
tiveness of  lighting  conditions,  both  natural  and  artificial.  White 
or  light-tinted  paints  and  frequent  cleaning  are  two  factors  to 
consider.  The  reader  is  referred  to  the  lecture  on  the  "  Principles 
of  Interior  Illumination,"  by  Cravath,  Harrison  and  Pierce,  in 


July.  1910.]  IxDUSTRi.M,  Lighting.  87 

the  volume  of  lectures  giveu  under  the  joint  auspices  of  the  Uni- 
versity of  Pennsylvania,  and  of  the  Ilhiminating  Engineering  So- 
ciety/* in  which  vakiable  data  are  given  regarding  the  variations 
in  the  utiHzation  efficiency  of  various  systems  of  Hght  in  its  depend- 
ence upon  wall  and  ceiling  conditions.  One  of  the  paint  manu- 
facturers has  recently  issued  a  readable  bulletin  under  the  heading 
of  "  Barrelled  Sunlight  "  which  very  appropriately  emphasizes  this 
phase  of   factory  lighting. 

It  will,  perhaps,  be  seen  that  no  lighting  system  can  maintain 
its  original  effectiveness  unless  the  lamps  and  reflectors  are  cleaned 
at  proper  intervals  and  unless  burned-out  lamps  are  renewed 
promptly.  This  is  of  such  fundamental  importance  to  the  con- 
tinued success  of  any  lighting  system  that  some  space  might  well 
be  devoted  to  the  importance  of  maintenance  and  to  methods  for 
conducting  such  work,  in  preliminary  reports  submitted  to  build- 
ing ow^ners  on  proposed  lighting  systems.  Lamp  and  reflector 
cleaning  are  items  which  are  so  readily  overlooked  that  the  average 
user  of  light  requires  education  along  this  line  if  his  appreciation 
of  the  needs  of  the  case  is  to  result  in  systematic  adherence  to  the 
work.  One  of  the  best  plans  I  have  ever  seen  of  this  kind  is  that 
adopted  some  years  ago  at  the  East  Pittsburgh  Works  of  the 
Westinghouse  Electric  and  Manufacturing  Company,  where  the 
maintenance  of  the  very  large  lighting  system  is  conducted  by  a 
special  Division  of  the  electrical  department.  Here,  the  original 
plans  of  the  work  included  systematic  inspection  of  all  lamps 
each  day  for  the  purpose  of  locating  every  burned-out  lamp  and 
for  noting  equipment  in  need  of  cleaning.  On  the  basis  of  these 
daily  inspection  reports,  the  maintenance  work  may  be  conducted 
effectively  and  a  record  can  be  kept  of  the  costs  for  such  work 
which  forms  an  interesting  basis  for  a  comparison  between  the 
costs  of  the  maintenance  work  and  the  gains  produced  by  the 
higher  standard  of  illumination  thus  maintained. 

STATE  REGULATIONS. 

The  original  code  of  factory  lighting  issued  by  the  Illuminat- 
ing Engineering  Society  several  years  ago  has  since  been  used  as 
the  basis  for  state  regulations  in  Pennsylvania,  New  Jersey,  Ohio, 
New  York  and  Wisconsin.  Furthermore,  the  Committee  on 
Labor  of  the   Advisory   Council    for  National   Defense   issued 
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through  its  Divisional  Committee  on  Lighting  ^^  a  code  based  quite 
largely  on  that  of  the  Illuminating  Engineering  Society.  Many 
of  these  codes  contain  modifications  in  the  general  arrangements 
or  in  the  addition  of  explanatory  matter  not  found  in  the  original 
Illuminating  Engineering  Society's  code,  but  the  three  funda- 
mental items  of  intensity,  distribution  and  the  absence  of  glare 
form,  for  the  most  part,  an  important  place  in  all  of  these 
regulations. 

The  issuance  of  the  state  codes  has,  of  course,  been  based 
on  the  safeguarding  of  employees  and  they  have  sought  to  reduce 
accidents  and  to  prevent  premature  eye  trouble  by  the  stipulation 
of  safe  methods  and  amounts  of  illumination  for  various  factory 
operations.  In  one  of  the  recent  state  codes,  the  factor  of  con- 
serving time  by  permitting  employees  to  do  more  and  better  work, 
without  additional  effort,  in  a  given  time,  through  the  medium 
of  better  light,  was  emphasized  as  a  factor  which  might  influence 
the  wealth  of  the  state. 

Realizing  that  the  state  factory  inspectors,  upon  whom  the 
application  of  these  codes  fall,  would  probably  find  difficulty  in 
grasping  the  full  meaning  of  such  rules  because  of  the  newness 
of  some  of  the  ideas  they  contain,  the  University  of  Pennsylvania 
invited  state  factory  inspectors  of  Pennsylvania  and  of  New  Jer- 
sey to  a  series  of  lectures  on  factory  lighting  at  the  University 
in  the  spring  of  191 8,  and  these  proved  to  be  very  acceptable  to 
the  state  labor  departments  concerned.  I  am  informed  that  the 
Department  of  Labor  of  New  Jersey  is  planning  to  continue  this 
general  scheme  of  education  among  its  factory  inspectors  by 
lectures  within  the  state  from  time  to  time. 

Where  intensity  of  illumination  is  specified,  as  in  these  rela- 
tively new  codes,  the  need  of  a  simple  device  for  the  measurement 
of  illumination  by  relatively  inexperienced  people  has  been  keenly 
felt.  The  appearance  of  the  small  and  very  convenient  "  Foot- 
Candle-Meter  "  (see  Fig.  18),  as  a  result  of  the  work  of  Dr.  C.  H. 
Sharp,  of  New  York  City,  has,  in  a  way,  met  this  need,  and  it  is, 
I  believe,  employed  to  a  limited  extent  by  the  Departments  of 
Labor  in  Pennsylvania  and  New  Jersey. 

PROBLEMS  ADDED  BY  THE  WAR. 

While  the  stress  of  war  conditions  is  now  largely  over,  it  is 
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interesting  to  review,  in  conclusion,  a  few  of  the  things  which 
affected  lighting  practice  due  to  those  unusual  conditions.  One 
of  these,  of  course,  was  that  of  protective  lighting  about  industrial 
plants  as  a  safeguard  against  damage  to  the  plant,  and  this  type 
of  illumination  received  a  good  deal  of  attention  and  was  em- 
ployed very  eft'ectively  in  many  cases.  Another  was  that  of 
lighting  curtailment,  as  one  of  the  points  taken  up  by  the  Federal 

Fig.  18. 


Fuel  Administration,  and  here,  as  previously  stated,  it  was  found 
that  of  all  the  divisions  of  lighting,  the  industries  were  the  one 
field  in  which  increases  rather  than  curtailment  in  lighting  were 
desirable,  thus  emphasizing  the  importance  with  which  the  problem 
of  industrial  lighting  was  viewed  during  the  war  as  a  strictly 
war  problem. 

The  emphasis  which  was  placed  upon  good  light  by  the  Em- 
ployment Management  Division  of  the  War  Industries  Board  in 
its  efforts  to  educate  employment  managers  under  the  intensified 
training  scheme  then  in  vogue,  and  the  hope  which  was  entertained 
that  a  high  standard  of  w^orking  environment — that  is  to  say,  good 
light,  fresh  air.  adequate  heat,  cleanliness  and  neatness  about  the 
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plant,  and  the  like — would  all  go  to  prevent  the  excessive  turn- 
over of  labor  during  the  progress  of  the  war  in  the  war  indus- 
tries, all  go  to  demonstrate  the  important  place  which  industrial 
lighting  holds  in  the  industrial  field. 

The  foregoing  notes,  while  not  in  any  sense  a  scientific  analysis 
of  factory  lighting  from  the  quantitative  side,  have  given  a  general 
outline  of  the  factors  involved  in  the  problem.  With  these  in 
mind  and  thoroughly  accepted  and  appreciated,  the  actual  detailed 
planning  for  industrial  lighting  systems  possesses  the  possibility  of 
an  interesting  field  for  study  and  certainly  contains  an  element 
of  compensation  for  those  who  devote  time  to  such  work,  through 
the  beneficial  effects  which  good  lighting  may  accomplish  for  those 
whose  vision  and  whose  workmanship  depend  to  such  an  extent 
upon  facilities  of  this  general  nature 


Salt  Deposits  of  the  United  States.  W.  C.  Phalen.  (U.  S. 
Geological  Survey  Bulletin  No.  66q.) — The  Delaware  Indians  made 
salt  from  brine  springs  in  New  York  State  and  sold  it  to  settlers  as 
early  as  1670,  making  probably  the  first  commercial  production  of 
salt  in  this  country.  The  manufacture  of  salt  by  white  people  in  the 
United  States  was  begun  near  Syracuse,  N.  Y.,  about  1788.  Salt  is 
the  most  commonly  used  mineral  in  the  world,  and  no  useful  mineral 
except  coal,  perhaps,  occurs  in  greater  abundance  or  is  more  widely 
distributed  in  the  United  States. 

The  Federal  and  State  Surveys  and  private  establishments  have 
})ublished  a  great  deal  about  the  occurrence  of  salt  in  parts  of  the 
United  States,  but  not  until  now  has  so  much  information  on  the 
salt  deposits  of  the  whole  country  been  assembled  in  a  single  volume. 
The  distribution  and  character  of  the  salt  deposits  are  described 
by  States  and  a  brief  history  of  the  industry  is  given,  together  with 
a  record  of  the  output  since  1797.  The  report  also  contains  a  dis- 
cussion of  the  origin  and  formation  of  saline  deposits  and  many 
chemical  analyses  of  brines  and  bitterns. 

Wood  Waste.  (IVeekly  News  Letter,  U.  S.  Departiiicnt  of 
Agriculture,  vol.  vi.  No.  47,  p.  5,  June  25.  1919.) — A.  particularly 
interesting  field  of  possibilities  for  greater  utilization  of  wood  and 
wood  waste  as  a  result  of  the  Forest  Products  Paboratory's  war  work 
i.s  the  use  of  built-up  and  fabricated  construction.  This  is  merely 
utilizing  small  pieces  of  wood  and  a  glue  which  will  make  a  joint 
as  strong  or  stronger  than  wood,  and  building  them  up  in  the  forms 
desired.  It  was  found,  for  cxam])lc,  that  a  laminated  wing  beam  for 
airplanes  could  be  constructed  as  strong  as  a  solid  beam,  and  this  at 
once  made  possible  a  great  increase  in  the  utilization  of  spruce 
material  which  otherwise  had  to  be  eliminated  from  aircraft 
construction. 
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HIGH    FREQUENCY    CURRENTS    ON    WIRES. 


J.  O.  MAUBORGNE,  Lieut.  Col.,  Signal  Corps,  U.  S.  A. 

Attention  was  first  directed,  in  191 1,  to  the  practical  utility 
of  employing  high  frequency  electric  waves  for  transmission  of 
energy  along  wires  by  Major  (now  Major-General)  George  O. 
Squier.  The  discussion  following  the  publication  of  his  results 
indicated  that,  in  the  minds  of  many,  the  opinion  prevailed,  that 
because  of  the  excessive  attenuation  obtaining  at  the  "  ultra 
audio  "  frequencies,  the  system  would  be  inoperative  over  great 
distances.  This  was  thought  to  be  particularly  the  case  if  fre- 
quencies greater  than  100,000  cycles  per  second  were  employed. 

Recently  this  subject  has  assumed  an  important  aspect  from 
a  military  standpoint  and  it  was  decided  to  conduct  further 
experiments  with  the  object  of  examining  the  possibility  of  adapt- 
ing certain  existing  types  of  radiotelephone  and  telegraph  appar- 
atus to  multiplex  operation.  The  results  of  the  few  preliminary 
tests  which  have  been  made  recently  by  First  Lieut.  R.  D. 
Duncan.  Jr.,  and  Radio  Engineer  Samuel  Isler  of  the  Engineer- 
ing and  Research  Division,  Signal  Corps,  Washington,  D.  C., 
are  of  interest  because  they  have  shown  that  not  only  is  it  possible 
to  transmit  energy,  at  least  in  sufficient  amounts  to  actuate  stand- 
ard "  radio  "  receiving  apparatus,  over  comparatively  long  lengths 
of  wire  circuits,  but  that  frequencies  considerably  in  excess  of 
the  value  hitherto  named  as  the  upper  limit  could  be  employed. 

The  apparatus  used  in  these  tests  is  known  as  the  SCR-67, 
which  is  the  ground  set  of  the  standard  ground-airplane  radio- 
telephone equipment.  It  comprises  two,  three-electrode  vacuum 
tubes,  of  the  transmitting  type  (Type  VT-2.  One  oscillator  and 
one  modulator)  and  connected  circuit,  a  receiving  tube  (Type 
VT-i)  and  circuit,  and  a  two-stage  audio  frequency  amplifier. 
The  method  of  modulation,  that  devised  by  Heising,  is  based 
on  the  fact  that,  to  a  very  close  approximation,  the  amplitude  of 
the  high  frequency  current  is  directly  proportional  to  that  of  the 

*  Communicated  by  Maj.-Gen.  George  Owen  Squier.  An  abstract  of  this 
paper  was  presented  at  the  Washington  Meeting  of  the  American  Physical 
Society,  .\pril  25,  1919. 
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enif  applied  between  the  plate  and  the  common  filament  terminal 
of  the  oscillating  tube;  any  variation  of  the  emf,  for  example, 
at  an  audio  frequency,  will  modulate  or  mould  the  continuous 
flow  or  high  frequency  energy  in  a  corresponding  manner,  which 
when  received  by  a  tuned  receiving  circuit  and  rectified,  manifests 
itself  as  an  audible  sound  in  a  telephone  receiver.  The  means 
by  which  the  modulation  is  accomplished  is  by  a  second  tube, 
whose  plate  filament  path  resistance  is  varied  in  accordance  with 
the  speech  frequencies  applied  to  its  input  terminals.  By  prop- 
erly interconnecting  the  plate  or  output  circuits  of  the  oscillating 
and  modulating  tubes,  and  by  further  converting  the  high  voltage 
plate  power  supply  to  the  two  tubes  from  a  constant  potential 
to  a  constant  current  system  the  variation  in  amplitude  of  the  high 
frequency  current  may  be  made  to  follow  out  faithfully  the 
variations  impressed  by  the  modulating  source.  This  system  is 
advantageous  since  the  completeness  and  purity  of  modulation  is 
practically  independent  of  the  frequency  of  the  oscillating  system. 

The  line  may  be  connected  to  the  source  of  oscillations  in  a 
number  of  ways,  of  w^hich  probably  the  most  convenient  is  by 
inductive  coupling. 

To  provide  a  practical  means  for  carrying  out  of  the  tests,  a 
wire,  running  from  Washington,  D.  C,  to  New  York  City,  was 
placed  at  the  disposal  of  the  Signal  Corps  by  the  Postal  Telegraph 
Company.  This  line  was  duplexed  and  was  in  continuous  opera- 
tion by  the  Postal  Company.  In  the  first  series  of  tests  one  multi- 
plex station  was  established  at  the  Signal  Corps  Radio  Laboratory, 
Bureau  of  Standards,  Washington,  D.  C,  and  a  second  at  Dixon's 
Park,  Curtis'  Bay,  Md.,  approximately  three  miles  from  the  Postal 
office  in  Baltimore,  the  total  wire  distance  between  the  two 
approximating  60  miles.  The  multiplex  apparatus  was  connected 
to  the  line  at  these  two  points. 

Satisfactory  two-way  communication  was  obtained ;  speech 
was  received  at  both  stations,  loud  and  with  exceptional  clearness, 
the  distortion  common  and  inherent  to  long  distance  wire  tele- 
phony l^eing  completely  absent.  The  tuning  at  the  receiving 
stations  was  quite  definite,  comparable  in  every  respect  to  that 
when  receiving  signals  of  a  "  sharply  "  tuned  radio  station.  This 
last  fact  permits  of  the  operation  of  a  numl^r  of  multiplex  units, 
each  tuned  to  a  different  frequency  and  without  the  use  of  filter 
circuits  on  the  same  wire  line.  The  carrier  frequency  employed 
in  these  tests  was  600,000  cycles  per  second   (wave  length  500 
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metres)  ;  the  effective  line  current,  measured  at  each  of  the  trans- 
mitting stations,  averaged  60  mil-amperes.  Throughout  the  tests 
the  operation  of  the  multiplex  apparatus  in  no  way  interfered  with 
that  of  the  wire  telegraph  apparatus  nor  was  interference  experi- 
enced from  the  latter. 

The  satisfactory  range  of  an  SCR-67,  when  operating  as  a 
ground  *'  radio-telephone  "  set,  in  communication  with  a  corre- 
sponding SCR-67,  'S,  under  ordinary  conditions,  10  miles.  Thus 
by  confining  and  directing  the  flow  of  energy  to  a  definite  direc- 
tion, the  range  is  materially  increased. 

The  advantages  of  multiplex  telephony  and  telegraphy  are 
many.  From  a  military  standpoint  alone,  it  is  obvious  that  in 
time  of  war,  any  means  of  increasing  the  traffic  handling  capacity 
of  already  overburdened  telephone  and  telegraph  lines  will  be  of 
inestimable  value.  There  is  a  further  advantage  from  an  eco- 
nomical standpoint,  in  that  certain  of  the  existing  types  of  Signal 
Corps  radio-telephone  and  telegraph  apparatus,  large  quantities 
of  which  were  purchased  during  the  war  and  which  are  now 
idle,  with  only  slight  changes  in  construction,  may  be  adapted 
to  either  radio  or  multiplex  operation.  The  increased  range 
obtained  makes  possible  the  connection  of  outlying  military  posts 
and  establishments  with  low  power  units  where  ordinarily  com- 
paratively high  power  and  consequently  heavier  apparatus  would 
be  required  if  strictly  radio  communication  were  solely  relied  upon. 

Office  of  the  Chief  Engixeer, 

exgixeering  axd  research  division,  signal  corps. 
Washixgtox,  D.  C,  April  5,  1919. 


Tunneling  Under  the  East  River.  (Scientific  American,  vol. 
cxx,  Xo.  26,  p.  681,  June  28.  1919.) — A  very  interesting  bit  of  tunnel- 
ing was  recently  done  on  the  14th  Street  tube  under  the  East 
River,  New  York.  The  heading  was  being  run  in  rock  and  at  one 
point  test  holes  showed  a  thickness  of  only  eight  inches  of  sound 
dry  rock  above  the  line  along  which  the  top  of  the  tunnel  was  to  run. 
As  the  tunnel  was  being  driven  without  the  use  of  compressed  air 
it  was  decided  to  drop  the  upper  heading  four  feet  until  this  thin 
cover  of  rock  was  passed.  The  cast-iron  lining  was  set  in  place  at 
each  side  of  this  section  and  then  the  rock  was  removed  very  care- 
fully by  using  a  great  many  holes  each  loaded  with  about  one-eighth 
of  a  stick  of  dynamite.  As  each  bit  of  rock  was  removed  to  the 
arch  the  tunnel  lining  was  set  in  place.  By  this  means  the  dangerous 
section  was  tunneled  without  breaking  through  the  thin  shell. 
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Simple  Gage  for  Measuring  Compressions.  Axon.  {Scien- 
tific American,  vol.  cxx,  No.  i8,  p.  453,  May  3,  1919.) — One  of  the 
most  common  causes  of  lost  power  in  an  automobile  is  that  the 
force  of  the  explosion  pressure  depends  upon  compression  pres- 
sure before  the  gas  is  ignited.  If  the  compression  is  80  pounds 
the  explosive  force  acting  against  the  piston  top  and  imparting 
power  to  it  will  be  about  400  pounds  per  square  inch.  If  worn 
piston  rings  or  leaky  valves  allow  gas  to  escape  when  the  piston 
is  rising  on  its  compression  stroke,  the  resulting  decrease  to  50  or 
60  pounds  means  a  reduction  of  explosive  pressure  to  about  300 
IX)unds  per  square  inch.  Besides  this  diminution  in  pressure,  there 
is  a  loss  due  to  further  leakage  through  the  faulty  retaining  members. 

A  simple  compression  pressure  indicating  gage  may  be  made 
by  taking  an  old  spark  plug  body,  from  which  the  porcelain  has 
been  removed  and  fit  in  a  valve  from  a  discarded  inner  tube  by 
pouring  melted  babbit  metal  or  solder  in  to  fill  the  space  between 
the  spark  plug  shell  and  the  valve.  When  the  metal  has  set,  the 
valve  is  found  to  be  firmly  imbedded  in  the  soft  metal.  The  spark 
plug  is  removed  from  the  cylinder  to  be  tested  and  the  combina- 
tion plug  body  and  valve  stem  put  in  its  place.  As  the  engine  is 
turned  over  briskly  by  either  the  hand  crank  or  self-starter  by  an 
assistant,  or  the  engine  run  slowly  on  the  other  cylinders,  a  tire 
pressure  recording  gage  held  against  the  valve  will  record  the 
compression  pressure  just  as  it  does  air  pressure  inside  a  tire.  If 
the  pressure  is  low  on  all  cylinders  it  is  a  good  indication  that  the 
entire  engine  needs  attention.  It  can  be  determined  whether  the 
compression  is  adequate  by  comparison  with  the  same  tests  on  a 
new  car  of  the  same  model. 

Failure  of  Concrete  Stacks.  Anon.  {Power  Plant  Engineer- 
ing, vol.  xxiii,  No.  12,  p.  543,  June  15,  1919.) — From  the  day  con- 
crete made  its  advent  in  building  construction,  its  merits  were 
fully  recognized.  It  must  be  admitted  that  for  a  large  number  of 
structures  there  is  actually  no  better  material  than  concrete.  It 
became  evident  very  soon,  however,  that  it  is  an  entirely  unsuit- 
able material  for  any  purposes  where  it  is  subject  to  attack  of 
heat,  products  of  combustion,  or  undiluted  acids.  One  of  the  best 
structures  in  which  such  conditions  prevail  is  the  chimney. 

For  the  moment,  we  do  not  want  to  discuss  those  where  the 
structure  colla])sed  during  the  construction  or  soon  after.  We 
refer  for  the  ])resent  only  to  those  which  decayed  rapidly  soon 
after  being  put  in  use.  The  thin  walls  of  the  stack  permitted 
rajjid  radiation  of  heat.  Condensation  took  i)lace  on  the  inner 
side  of  the  stack,  and  the  condensate  worked  its  way  into  the 
fissures,  rapidly  destroying  the  texture  of  the  material,  and  attack- 
ing the  reinforcing  steel.  The  stacks  started  to  lean,  to  burst 
open,  or  collapsed  entirely.  Recently  this  inherent  defect  has 
been  in  part  overcome  by  using  a  lining  of  burned  clay,  extend- 
ing the  full  length  of  the  stack. 


RADIO  TRANSMISSION  FORMULAS  FOR  ANTENNA 
AND  COIL  AERIALS.- 

BY 

J.  H.  BELLINGER. 

Bureau  of  Standards. 

The  aerial  of  a  radio  transmitting  or  receiving  set  is  either  a 
condenser  or  an  inductance  coil  of  large  dimensions.  It  effects 
the  transfer  of  power  between  the  radio  circuits  and  the  ether. 
The  coil  aerial  has  the  inherent  advantage  of  serving  as  a  direction 
finder  and  interference  preventer,  but  is  less  effective  quantitatively 
as  a  transmitting  or  receiving  device  than  the  condenser  aerial 
commonly  called  the  antenna.  The  practical  question,  how  far 
can  communication  be  maintained  by  a  coil  in  comparison  with  an 
antenna,  is  answered  by  the  following  formulas,  derived  from 
electromagnetic  theory.  A  flat-top  antenna  is  considered,  and  a 
rectangular  coil.  Let  li  -  height  of  antenna  or  coil,  /  =  horizontal 
length,  and  .V  =  number  of  turns  of  wire  of  coil  aerial,  /=^  cur- 
rent. A  =  wave  length,  d  -  distance  apart  of  transmitting  and  re- 
ceiving aerials,  R  =  resistance  of  receiving  aerial  circuit.  The 
subscripts  ,?  and  r  refer  to  sending  and  receiving,  respectively.  All 
lengths  are  in  meters. 

Antenna  to  antenna : 


/. 

i88.  h.hrls 
R\d 

Antenna  to 

coil 

/r  = 

1 184.    hshrlrNrL 

R\H 

Coil  to  antenna : 

Ir  = 

1 1 84.  hslshrNsIs 
R\H 

Coil  to  coil 

/. 

74.Sf>.    kdshrl.NsNrls 

R\H 

These  formulas  were  derived  by  the  author  two  years  ago  and 
have  been  found  useful  in  the  Signal  Corps  and  Navy  work  since 

*  Communicated  by  the  Author.    Complete  paper  to  appear  as  a  Scientific 
Paper  of  the  Bureau  of  Standards. 
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that  time.  Either  the  equations  as  here  given  or  the  component 
equations  giving  the  field  produced  by  a  given  antenna  or  coil 
aerial  and  the  received  current  produced  by  a  given  field,  lead  to 
the  solution  of  questions  of  design  which  it  would  l)e  difficult  to 
settle  by  experiment.  Such  quantitative  experiments  as  have  been 
made  have  verified  the  formulas  to  25  per  cent,  or  better,  some 
observed  values  of  received  current  being  higher  and  some  lower 
than  the  theoretical  values. 

The  actual  current  received  when  a  coil  aerial  is  used  is  fre- 
quently greater  than  the  formulas  indicate,  because  such  an  aerial 
acts  both  as  a  coil  and  as  an  antenna  by  virtue  of  its  capacity  to 
ground.  This  double  action  of  the  coil  structure  is  likewise  indi- 
cated by  values  obtained  for  radiation  resistance  and  by  the  ob- 
served directional  properties. 

The  use  of  the  coil  aerial  is  particularly  advantageous,  as  may 
be  seen  from  the  formulas,  for  short  waves.  In  most  cases,  the 
usefulness  of  the  coil  increases  as  its  dimensions  are  made  to  ap- 
proach the  order  of  magnitude  of  the  wave  length.  An  advantage 
of.  the  coil  not  apparent  from  the  formulas  is  that  its  resistance 
can  usually  be  made  lower  than  that  of  the  corresponding  antenna. 

Bureau  of  Standards^ 
.April  25,  1919. 


Waterproof     Glues     in     Automobile     Manufacture.       Anon. 

(Forest  Products  laboratory,  Madison,  il'isfoiisiii,  Technical  Notes 
No.  F-14.) — Some  of  the  new  waterproof  glues  developed  pri- 
marily for  aircraft  pur])oscs  during  the  war  offer  the  possibility 
of  overcoming  a  difficulty  that  has  proved  very  annoying,  both  to 
the  autonioI)i]e  owner  and  to  the  manufacturer,  wherever  lino- 
leum is  used  on  the  running  boards  or  as  a  covering  for  the  floor 
of  the  car.  Ordinary  glues  which  are  soluble  in  water  are  not 
very  effective  in  cementing  linoleum,  and  most  automobile 
owners  have  soon  discovered  that  the  glue  disintegrates  and  the 
linoleum  comes  loose  after  the  car  has  been  washed  a  few  times. 
Casein  glues  are  admirably  adapted  to  this  purpose,  and  if 
the  quality  is  right  and  they  are  ])r()perly  applied  the  linoleum 
should  give  no  trouble  during  the  life  of  the  car.  Casein  glues 
are  exceedingly  resistant  to  the  action  of  water  and  retain  a 
very  high  ])ercentage  of  their  original  strength,  even  after  long 
immersion  under  water,  'i'hey  are  comparatively  inexpensive, 
and  the  materials  from  which  they  are  made  are  readily  available 
in  the  market.  They  are  a])])lie(l  cold  and  will  set  without  the 
ap])lication  of  heat. 


PRESENTATION  OF  THE  FRANKLIN  MEDAL. 
MAY  21,  1919. 

■  At  the  Stated  Meeting  of  the  Committee  on  Science  and  the 
Arts,  held  March  5,  191 9.  the  following  resolutions  were  adopted: 

"  Resolved,  That  the  Franklin  Medal  be  awarded  to  Sir  James  Dewar,  of 
London.  England,  in  recognition  of  his  numerous  and  most  important  contribu- 
tions to  our  knowledge  of  physical  and  chemical  phenomena,  and  his  great 
skill  and  inventive  genius  in  attacking  and  solving  chemical  and  physical 
problems  of  the  first  magnitude." 

■■  Resolved.  That  the  Franklin  Medal  be  awarded  to  Major  General  George 
Owen  Squier,  in  recognition  of  his  valuable  contributions  to  physical  science, 
his  important  and  varied  inventions  in  multiplex  telephony  and  telegraphy  and 
in  ocean  cabling  and  directing  the  Air  and  Signal  Services  of  the  United  States 
Armv  in  the  World  War." 


CORRESPONDENCE  WITH  MEDALISTS. 

The  Franklin   Institute 

of  the  st.^te  of  pennsylvania 

Philadelphia 

OFFICE   OF   THE   SECRETARY 

April  8,  1919. 
Major  General  George  Owen  Squier, 
Chief  Signal  Officer,  U.  S.  Army, 
War  Department, 

Washington,  D.  C. 
Sir  : 

I  have  the  honour  to  inform  you  that  The  Franklin  Institute  has  awarded 
you  The  Franklin  Medal,  founded  for  the  recognition  of  those  workers  in 
physical  science  or  technology,  without  regard  to  country,  whose  efforts  in 
the  opinion  of  the  Institute  have  done  most  to  advance  a  knowledge  of  physical 
science  or  its  applications.    The  award  is  minuted  as  follows : 

"  That  The  Franklin  Medal  be  awarded  to  Major  General  George 
Owen  Squier,  in  recognition  of  his  valuable  contributions  to  physical 
science,  his  important  and  varied  inventions  in  multiplex  telephony 
and  telegraphy  and  in  ocean  cabling,  and  his  eminent  success  in  or- 
ganizing and  directing  the  Air  and  Signal  Services  of  the  United 
States  Army  in  the  World  War." 

The  medal  and  accompanying  certificate  are  being  prepared,  and  I  am 
requested,  on  behalf  of  our  Management,  to  extend  to  you  a  cordial  invitation 
to  come  to  the  Institute  on  the  afternoon  of  Wednesday,  May  21st,  to  receive 
this  medal  and  certificate  from  our  President. 

A  second  medal  has  been  awarded  to  Sir  James  Dewar,  of  the  Royal 
Institution.  London,  and  the  Earl  of  Reading  has  been  asked  to  come  to  the 
Institute  at  the  same  time  to  receive  it  for  .Sir  James. 
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Vou  and  Lord  Reading  will  be  asked  to  be  guests  of  honour  at  a  dinner 
to  be  given  on  the  same  evening,  but  in  this  connection  our  President,  Dr. 
Walton  Clark,  will  communicate  further  with  you. 

I  am, 

Respectfully. 

(Signed)    R.  B.  Owens, 
RBO:S  Secretary.^ 

The  Frankli.v   Institute  I 

OF    THE    STATE    OF    PENNSYLVANIA 

Philadelphia 

OFFICE   OF  THE  SECRETARY  ApRIL    Q,    IQIQ. 

Sir  James  Dcziar.  D.Sc,  LL.D.,  F.R.S., 
The  Royal  Institution, 

Albemarle  Street,  ^  I 

London,  Wi,  England. 
Sir: 

I  have  the  honour  to  inform  you  that  Tlie  Franklin  Institute  has  awarded 
you  The  Franklin  Medal,  founded  for  the  recognition  of  "  those  workers  in 
physical  science  or  technology,  without  regard  to  country,  whose  efforts  in  the 
opinion  of  the  Institute  have  done  most  to  advance  a  knowledge  of  physical 
science  or  its  applications."    The  award  is  minuted  as  follows : 

"  That  The  Franklin  Medal  be  awarded  to  Sir  James  Dewar,  of 
London.  England,  in  recognition  of  his  numerous  and  most  important 
contributions  to  our  knowledge  of  physical  and  chemical  phenomena, 
and  his  great  skill  and  inventive  genius  in  attacking  and  solving  chemi- 
cal and  physical  problems  of  the  first  magnitude." 

The  medal  and  accompanying  certificate  are  being  prepared,  and  the  Earl 
of  Reading,  your  Government's  Ambassador  Extraordinary  and  Plenipoten- 
tiary at  Washington,  has  been  requested  to  come  to  the  Institute  on  the  aitei- 
noon  of  Wednesday,  May  21  st,  to  receive  this  medal  and  certificate,  on  behalf 
of  his  Government,  for  you.  I 

I  am,  ! 

Respectfully,  j 

(Signed)    R.  B.  Owens,      ' 

RBO:S  Secretary.] 

,  j 

The  Franklin  Institute         "  j 

':  OF  THE   STATE  OF  PENNSYLVANIA  j 

Philadelphia 

OFFICE  OF  THE  SECRET.^RV  ApRIL   Q     IQIQ 

The  Earl  of  Reading,  Ambassador  Extraordinary,  I 

and  Plenipotentiary  of  His  Britaujiic  Majesty. 
British  Embassy, 

Washington,  D.  C. 
Your  Excellency  : 

I  have  the  honour  to  inform  you  that  The  Franklin  Institute  has  awarded 
to  Sir  James  Dewar,  of  London,  England,  The  Franklin  Medal,  founded  for 
the  "  recognition  of  those  workers  in  physical  science  or  technology,  without 
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SIR  JAMES  DEWAR,  D.  Sc.  LL.  D..  F.  R.S. 

Jacksonian  Professor  of  Experimental  Philosophy,  University  of  Cambridge; 

Fullerian  Professor  of  Chemistry,  Royal  Institution,  London. 

FRANKLIN   MEDALIST,   igio. 
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regard  to  country,  whose  efforts  in  the  opinion  of  the  Institute  have  done  most 
to  advance  a  knowledge  of  physical  science  or  its  applications."  The  award 
is  minuted  as  follows  : 

"  That  the  Franklin  Medal  be  awarded  to  Sir  James  Dewar,  of 
London,  England,  in  recognition  of  his  numerous  and  most  important 
contributions  to  our  knowledge  of  physical  and  chemical  phenomena, 
and  his  great  skill  and  inventive  genius  in  attacking  and  solving  chemi- 
cal and  physical  problems  of  the  first  magnitude." 

The  medal  and  accompanying  certificate  are  being  prepared,  and  I  am 
requested,  on  behalf  of  our  management,  to  extend  to  you  a  cordial  invitation 
to  come  to  the  Institute  on  the  afternoon  of  Wednesday,  May  21st,  to  receive 
this  medal  and  certificate  from  our  President,  on  behalf  of  your  Government, 
for  Sir  James. 

A  second  medal  has  been  awarded  to  Major  General  George  Owen  Squier, 
Chief  Signal  Officer,  United  States  Army,  in  recognition  of  his  scientific  and 
technical  achievements,  especially  with  relation  to  communications. 

You  and  Major  General  Squier  W'ill  be  asked  to  be  guests  of  honour  at  a 
dinner  to  be  given  on  the  same  evening,  but  in  this  connection  our  President, 
Dr.  Walton  Clark,  will  communicate  further  with  you. 

I  am. 
Your  Excellency's  very  humble  servant,  1 

(Signed)   R  B.  Owens, 
RBO:S  Secretary. 


War  Dep.artment 

office  of  the  chief  signal  officer 

Washington 

April  ii,  1919. 
Major  R.  B.  Owens, 

Secretary,  The  Franklin  Institute, 
Philadelphia,  Pa. 
Sir  : 

I  have  the  honor  to  acknowledge  the  receipt  of  yOur  communication  of 
April  8,  1919,  advising  me  that  The  Franklin  Institute  has  made  an  award  to 
me  of  The  Franklin  Medal. 

Allow  me  to  express  my  deep  appreciation  of  the  very  great  honor  con- 
ferred upon  me  by  the  Institute  through  this  award. 

It  gives  me  great  pleasure  to  accept,  subject  to  the  exigencies  of  the  public 
service,  the  very  cordial  invitation  which  you  have  extended  to  me,  to  come 
to  the  Institute  on  the  afternoon  of  Wednesday,  May  21,  1919,  to  receive  this 
medal  and  certificate  from  your  President. 
I  remain. 

Faithfully  yours, 

(Signed)   George  O.  Squier, 

Major  General, 
Chief  Signal  Officer  of  the  Army. 
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British   Embassy 
Washington 

April  12,  1919. 
Dear  Mr.  Owens  : 

I  beg  to  acknowledge  the  receipt  of  your  letter  of  April  8th  in  which  you 
are  so  good  to  inform  me  of  the  award  of  The  Franklin  Medal  to  Sir  James 
Dewar.  It  is  naturally  a  great  pleasure  to  me  to  learn  of  the  decision  of  The 
Franklin  Institute  to  confer  this  honour  upon  Sir  James  Dewar,  and  I  trust 
you  will  be  good  enough  to  convey  to  the  members  of  the  Institute  the  appre- 
ciation which  I  am  sure  will  be  generally  felt  in  Great  Britain  at  this  recog- 
nition of  the  work  of  a  British  man  of  science. 

I  fear  that  it  will  not  be  possible  for  me  to  accept  your  kind  invitation  to 
visit  the  Institute  on  May  21st  in  order  to  receive  the  Medal  and  Certificate 
for  Sir  James,  as  I  shall  have  left  this  country  by  the  date  in  question  unless 
some  unexpected  alterations  should  he  made  in  my  plans.  The  Embassy  will, 
however,  be  only  too  glad  if  they  can  be  of  service  to  you  for  forwarding  this 
Medal  to  London. 

Believe  me, 

Very  truly  yours, 

(Signed)    Reading. 
R.  B.  Owens,  Esq., 

Secretary,  The  Franklin  Institute, 
Philadelphia, 

Pennsylvania. 


Western  Union  Cablegram. 

London.  April  21,  1919. 
The  Secretary  Major  Ozvens, 

The  Franklin  Institute   (15  S.  jst), 
Philadelphia. 

Convey  to  Council  grateful  appreciation  for  award  of  The  Franklin 
Medal.  Regret  cannot  receive  it  personally  owing  to  poor  health.  Will  write. 
Accept  personal  regards. 

Dewar. 


The  Franklin   Institute 

OE    THE    state    OF    PENNSYLVANIA 

OFFICE  OF  THE  SECRETARY  1  Muladclphia 

April  _'5,   1919. 
Major  General  James  Doufjlas  MclAuhlan. 
Military  Attache,  British  Embassy. 
11  'ashiniittni .  IK  C. 
Sir: 

I  have  the  honour  to  inform  you  that  The  Franklin  Institute  has  awarded 
to  Sir  Jam.cs  Dewar,  of  the  Royal  Institution,  London,  England,  The  Franklin 
Medal,  founded  for  the  "  recognition  of  those  workers  in  physical  science  or 
technology,   without   regard   to  country,   whoso   ofTtirts   in    the   opinion   of   the 
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Institute  have  done  most  to  advance  a  knowledge  of  physical  science  or  its 
applications."     The  award  is  minuted  as  follows  : 

"That  The  Franklin  Medal  be  av.arded  to  Sir  James  Dewar,  of 
London.  England,  in  recognition  of  his  numerous  and  most  important 
contributions  to  our  knowledge  of  physical  and  chemical  phenomena, 
and   his   great   skill   and    inventive   genius    in   attacking   and    solving 
chemical  and  physical  problems  of  the  first  magnitude." 
The  medal  and  accompanying  certificate  are  being  prepared,  and  I  am  re- 
quested, on  behalf  of  our  management,  to  extend  to  you  a  cordial  invitation 
to  come  to  the  Institute  on  the  afternoon  of  Wednesday,  May  21st,  to  receive 
this  medal  and  certificate  from  our  President,  on  behalf  of  your  Government, 
for  Sir  James. 

A  second  medal  has  been  awarded  to  Ala j or  General  George*Owen  Squier, 
Chief  Signal  Ofiicer.  U.  S.  Army,  in  recognition  of  his  scientific  and  technical 
achievements,  especially  with  relation  to  communications. 

You  and  Major  General  Squier  will  be  asked  to  be  guests  of  honor  at  a 
dinner  to  be  given  on  the  same  evening,  but  in  this  connection  our  President,. 
Dr.  Walton  Clark,  will  communicate  further  with  you. 

I  am. 

Respectfully, 

(Signed)    R.  B.  Owens, 
R.BO:S  Sccrcfary.. 

The  Military  Attache 
British  Embassy 

Washington,  D.  C,  28  Apri4,  1919. 
Mv  DEAR  Mr.  Owens: 

Owing  to  my  temporary  absence  from  Washington  on  duty  your  letter  of 
the  25th  of  April  has  only  just  reached  me.  I  am  very  pleased  to  learn  from 
it  that  The  Franklin  Medal  has  been  awarded  to  Sir  James  Dewar,  of  the  Royal 
Institution.  London,  England ;  and  I  am  very  flattered  at  being  invited  to 
-eceive  from  your  President  on  behalf  of  the  British  Government  the  medal  and 
certificate  awarded  to  Sir  James  Dewar. 

I  much  regret  that  Lord  Reading,  the  present  British  Ambassador,  sails  for 
England  on  the  3rd  of  May,  and  is  therefore  unable  to  represent  the  British 
Government  at  Philadelphia  on  the  21st  of  May.  I  should  esteem  it  a- 
favour  if  you  would  convey  to  the  President  and  Members  of  the  Franklin 
Institute  my  high  appreciation  of  the  honour  they  have  done  me  in  selecting 
me  to  take  Lord  Reading's  place  on  the  21st  of  May,  and  my  grateful  ac- 
ceptance of  their  kind  invitation. 

With  the  assurance  of  my  high  esteem. 
I  am, 

Yours  very  sincerely, 

(Signed)  James  D.  McLachlan, 

Major  General. 
Mc/P  British  Military  Attache 

R.  B.  Owens.  E.sy., 

The  Franklin  Institute, 
Philadelphia,  Pa. 
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PROGRAMME  OF  MEETING,  MAY  21,  1919. 

Presentation  of  The  Franklin  Medal  to  Major  General  James  Douglas 
McLachlan,  C.B.,  D.S.O.,  on  behalf  of  His  Britannic  Majesty's 
Government  for  Sir  James  Dewar,  D.Sc,  LL.D.,  F.R.S. ;  Jack- 
sonian  Professor  of  Experimental  Philosophy,  University  of 
Cambridge ;  Fullerian  Professor  of  Chemistry,  Royal  Institution. 
London. 

Presentation  of  The  Franklin  Medal  to  Major  General  George  Owen 
Squier,  Ph.D.,  Chief  Signal  Officer,  United  States  Army. 

Address : 

"  Some  Aspects   of  the   Signal   Corps   in  the  World  War."     By 
Majo?  General  Squier. 


PRESENTATION  OF  THE  FRANKLIN  MEDAL  TO   SIR  JAMES 
DEWAR  AND  MAJOR  GENERAL  GEORGE  OWEN   SQUIER. 

Ix'  calling  the  meeting  to  order  the  President  of  the  Institute 
announced  that  the  business  of  the  meeting  would  be  the  annual 
presentation  of  the  Institute's  highest  award,  The  Franklin  Medal, 
in  recognition  of  distinguished  scientific  and  technical  achieve- 
ment, and  recognized  Dr.  Harry  F.  Keller,  who  made  the  follow- 
ing statement  relative  to  the  work  of  Sir  James  Dewar: 

Mr.  President:  It,  was  at  the  May  meeting  of  the  Institute. 
19 14,  that  you  presented  the  first  impressions  of  the  beautiful 
Franklin  Medal  to  two  illustrious  men  of  science.  This  precedent 
has  since  been  followed,  and  so  we  meet  here  today  for  the  fifth 
time  to  pay  our  tribute  to  a  pair  of  savants  who  in  the  judgment  of 
the  Institute  have  done  most  to  advance  our  knowledge  of  physical 
science.  As  chance  would  have  it  on  the  present  occasion  the  time 
could  not  have  been  chosen  more  happily ;  for  in  these  days  of  May 
our  Nation  is  jubilantly  celebrating  the  return  of  her  heroic  sons 
and  exultantly  looking  forward  to  the  early  conclusion  of  a  glor- 
ious peace. 

And  I  regard  it  as  a  very  special  and  rare  privilege,  Mr.  Pres- 
ident, to  have  been  asked  to  present  to  you  as  The  Franklin 
Medalists  two  scientists  who  have  not  only  made  abundant  contri- 
butions to  our  knowledge  of  physical  phenomena,  but  who  also  by 
their  great  achievements  have  so  conspicuously  helped  our  country 
and  its  associates  in  winning  the  war.  It  seems,  moreover,  pecul- 
iarly fitting  that  one  of  the  medalists  should  be  a  native  and 
citizen  of  Great  Britain,  while  the  other  was  born  and  bred  an 
American. 
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In  accordance  with  its  established  custom  the  Committee  on 
Science  and  the  Arts  has  based  its  recommendations  upon  the 
recognition  of  work  in  both  pure  science  and  appHed  science,  with- 
out, however,  drawing  a  sharp  line  of  demarcation.  For,  well- 
defined  as  this  line  appeared  before  the  war  began,  it  has  been 
largely  obliterated  during  the  years  of  the  war,  when  scientists 
made  patriotism  their  highest  aim,  and  unstintingly  gave  their 
services  to  their  Governments,  accomplishing  feats  which  in  other 
times  would  have  seemed  impossible. 

The  first  of  these  medals  is  to  be  conveyed  to  a  man  whose 
name  for  two  generations  past  has  been  one  to  conjure  with  in  the 
camps  of  chemists  and  physicists.  Sir  James  Dewar  is  universally 
recognized  as  one  of  the  foremost  leaders  in  the  two  branches  of 
physical  science,  and  the  great  wealth  of  contributions  he  has  made 
to  both  includes  discoveries  and  inventions  of  the  highest  value 
and  in  many  fields  of  research. 

Like  so  many  famous  men  of  science,  he  is  a  native  of  Scotland. 
Bom  at  Kencardine-on-Forth.  September  20,  1842,  he  received 
his  training  in  the  sciences  at  Dollar  Academy  and  the  University 
of  Edinburgh.  It  was  in  the  latter  institution,  in  1863.  that  he 
became  assistant  to  Sir  Lyon  Playfair.  the  Professor  of  Chemistry. 
In  1868  he  spent  a  few  months  at  the  L'^niversity  of  Ghent,  Bel- 
gium, where  the  brilliant  researches  of  A.  F.  Kekule  were  then 
attracting  the  attention  of  all  workers  in  organic  chemistry. 

The  scientific  career  of  Sir  James  Dewar  presents  itself  as  a 
long,  unbroken,  and  almost  unparalleled  series  of  triumphs  in 
experimental  research.  It  would  be  difficult  indeed  to  name  an- 
other investigator  of  our  time  who  has  to  his  credit  a  like  rich 
har\est  of  discoveries  and  inventions.  The  time  allotted  me  here 
is  scarcely  sufficient  to  permit  even  the  briefest  reference  to  his 
more  important  achievements.  He  is  one  of  the  few  great  scien- 
tists who  have  not  been  hampered  in  devoting  their  careers 
entirely  to  experimental  inquiry.  As  I  have  already  stated,  the 
subjects  of  his  pursuits  lie  in  the  fields  of  chemistry  and  physics, 
or  on  the  border-lands  of  these  sister  sciences. 

In  the  earlier  years  of  his  career  he  directed  his  attention 
mainly  to  the  coal  tar  bases,  and  among  the  researches  he  made  at 
this  time  those  on  pyridine,  quinoline.  and  their  numerous  deriva- 
tives, were  th^  most  notable  and  important.  With  the  experience 
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gained  in  this  line  of  work  he  then  engaged  in  the  study  of  modern 
high  explosives,  and  as  a  member  of  the  Government  Explosives 
Committee,  he  invented,  jointly  with  Sir  Frederick  Abel,  the 
smokeless  powder,  cordite,  which  is  the  powder  used  by  the  British 
Government. 

But  the  most  extended  and  most  fruitful  researches  of  our 
medalist  are  undoubtedly  those  in  which  the  effects  of  low  temper- 
atures were  brought  to  bear  on  the  properties  of  matter.  Not  only 
was  he  one  of  the  pioneers  but  in  many  respects  also  the  most  suc- 
cessful experimenter  in  the  field  of  low-temperature  research.  He 
was  the  first  to  licjuefy  atmospheric  air  on  a  larger  scale  and  it 
was  he  also  who  made  liquefied  gases,  like  oxygen,  nitrogen,  hydro- 
gen and  fluorine,  available  for  scientific  use.  By  evaporating 
liquid  hydrogen  under  reduced  pressure  he  succeeded  in  obtaining 
solid  hydrogen.  Most  remarkable  results  were  obtained  by  sul> 
jecting  various  substances  to  very  low  temperatures.  Thus  liquid 
oxygen  was  found  to  1j€  strongly  magnetic ;  pure  metals  at  tem- 
peratures approaching  absolute  zero  became  almost  perfect  con- 
ductors of  electricity;  and  by  the  use  of  charcoal  as  an  absorbing 
agent  for  gases  at  extremely  low  temperatures  the  highest  vacua 
were  attained.  By  means  of  charcoal  also  gases  like  hydrogen, 
helium  and  neon  were  separated  from  the  air,  and  in  this  way 
highly  important  information  was  obtained  as  to  the  constitution 
of  atmospheric  air. 

The  inventive  genius  of  Sir  James  Dewar  was  strikingly  shown 
in  the  construction  of  the  new  and  very  elaborate  devices  employed 
by  him  in  the  liquefaction  and  solidification  of  various  gases.  The 
silvered  vacuum- jacketed  vessel,  the  Dewar  flask,  is  now  manu- 
factured on  a  large  scale  for  keeping  hot  and  cold  liquids  for  long 
periods  of  time  under  the  name  of  Thermos  lx)ttles. 

The  great  versatility  and  resourcefulness  of  Sir  James  and  his 
prodigious  capacity  for  work  are  further  reflected  by  the  great 
number  of  researches  in  which  he  was  associated  with  other  dis- 
tinguished scientists.  They  embrace  a  great  variety  of  subjects  in 
the  domains  of  inorganic  and  organic  chemistry,  physics  and 
physiology.  Among  them  special  mention  should  l)e  made  of  the 
very  extended  researches  in  spectroscopy  with  George  Downing 
Liveing;  the  difficult  and  successful  experiments  on  the  lique- 
faction of  fluorine  with  Henri  Moissan;  the  determination  of 
atomic  and  molecular  constants  with  William  Dittmar  and  with 
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Alexander  Scott;  and  studies  on  the  physiological  action  of  light 
and  various  chemical  agents  with  John  Gray  McKendrick. 

Advancing  years  have  not  impaired  Sir  James'  enthusiasm  for 
research,  nor  his  skill  and  cunning  as  an  experimenter.  In  recent 
years  he  has  made  many  notable  contributions  to  our  knowledge 
of  the  radioactive  substances,  and  has  successfully  solved  also 
various  problems  of  capillarity  and  surface  tension.  Truly  sen- 
sational were  his  experiments  with  the  stable  and  long-lived  soap 
bubbles  blown  in  a  cryophorus  vacuum  or  in  perfectly  pure  air. 
They  were  photographed  by  him  in  their  natural  colors  and  in 
various  stages  of  development,  appearing  uniformly  black  when 
the  final  stage  of  tenuity  was  attained. 

That  the  scientific  institutions  and  societies  of  all  countries 
should  have  vied  with  each  other  in  lavishing  their  highest  honors 
upon  a  man  who  has  done  such  marvelous  things  goes  without 
saying.  I  shall  not  attempt  to  enumerate  the  many  positions  of 
trust  and  honor  he  has  graced  with  his  incumbency,  nor  the 
medals,  prizes,  and  degrees  that  have  been  bestowed  upon  him. 
We  rejoice  that  as  the  last  but  not  least  of  the  long  list  we  may 
now  add  The  Franklin  Medal,  and  that  this  award  is  so  highly 
appreciated  by  the  recipient.  Unfortunately,  as  he  has  cabled  the 
Institute,  he  is  prevented  by  illness  to  receive  it  in  person,  but  we 
are  honored  by  the  presence  of  a  distinguished  representative  of 
the  British  Government,  who  on  behalf  of  the  latter  will  receive 
the  medal  for  Sir  James  Dewar.  I  have  the  honor,  Mr.  President, to 
present  to  you  Maj.-Gen.  James  Douglas  McLachlan,  C.B.,  D.S.O. 

The  President,  in  presenting  The  Franklin  Medal  to  Major- 
General  McLachlan,  said : 

General  McLachlan,  the  members  of  The  Franklin  Institute 
are  appreciative  of  the  distinction  conferred  upon  this  meeting  by 
the  presence  of  a  representative  of  the  Government  of  Great 
Britain ;  and  we  thank  you  personally,  Sir,  for  coming  to  have  a 
share  in  our  simple  ceremony. 

The  Franklin  Institute,  having  awarded  to  your  distinguished 
countryman.  Sir  James  Dewar,  in  recognition  of  his  services  to 
mankind  rendered  in  the  field  of  science.  The  Franklin  Medal  and 
Diploma,  and  a  certificate  of  Honorary  Membership  in  The 
Franklin  Institute,  it  becomes  my  duty  and  privilege  to  present  to 
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you  this  Medal  and  these  documents  for  transmission  to  Sir  James 
through  the  State  Department  of  your  Gracious  Sovereign.  These 
awards  constitute  the  highest  honor  in  the  gift  of  the  Institute. 

In  accepting  the  medal  for  Sir  James  Dewar,  Major-General 
McLachlan  said : 

Mr.  President,  Members  of  The  Franklin  Institute,  Ladies  and 
Gentlemen:  I  much  appreciate  the  honor  that  has  been  done  me 
in  inviting  me  to  accept  on  behalf  of  The  British  Government  The 
Franklin  Medal  awarded  by  The  Franklin  Institute  to  Sir  James 
Dewar.  And  I  should  like  to  express  to  you  how  sorry  Lord 
Reading  was  that  he  had  to  sail  for  England  before  the  date  fixed 
for  this  ceremony.  His  commanding  presence  and  his  eloquence 
would  have  been  a  much  finer  means  than  any  words  of  mine  for 
expressing  the  pleasure  and  gratification  of  the  British  Govern- 
ment and  the  British  nation  at  the  signal  honor  done  to  British 
Science  by  the  award  of  this  medal  to  Sir  James  Dewar.  For  this 
is  the  first  time  that  this  high  distinction  has  been  awarded  to  a 
British  subject,  and  for  that  reason  both  I  and  my  country  are 
indeed  proud  today. 

The  work  and  scientific  achievements  of  Sir  James  Dewar 
have  been  set  forth  in  detail  by  Dr.  Harry  F.  Keller,  and  I  shall 
not  repeat  them.  But  in  the  minds  of  soldiers  the  name  of  James 
Dewar  will  always  be  associated  with  two  things,  firstly,  the 
Thermos  flask  which  he  invented,  and  secondly,  the  smokeless 
explosive  Cordite,  of  which  he  and  Sir  Frederick  Abel  were 
co-inventors. 

As  a  soldier  and  a  Scotsman  it  gives  me  great  pleasure  to 
receive  for  Sir  James  Dewar  this  medal.  For  he  is  a  Scotsman 
and  a  countryman  of  mine,  and  it  was  in  Edinburgh  tliat  he  first 
began  his  studies  of  chemistry  under  Lord  Playfair. 

And  another  reason  why  I  am  glad  to  have  an  oppt^rtunity 
of  speaking  to  you  today  is  this:  This  war  has  shown  how 
al).solutely  essential  it  is  to  make  the  fullest  use  of  the  chemical, 
metallurgical,  manufacturing  and  engineering  resources  of  a 
country  in  order  to  ensure  success  in  war.  To  ensure  success  in 
modern  warfare  all  the  resources  of  the  country  nuist  be  utilized 
strictly  for  war  purposes.  If  you  will  look  through  the  mem- 
bership list  of  The  l^Vanklin  Institute  you  will  see  how  large  a 
numl)er  of  the  members  gave  their  services  to  the  G(n-ernment 
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at  a  time  when  technical  experts  such  as  they  were  urgently 
needed.  I  select  two  names,  the  first  to  come  into  my  mind,  that 
of  General  Atterbury.  who  served  as  Director-General  of  Rail- 
ways in  France,  and  that  of  Mr.  \'auclain,  Vice-President  of  the 
Baldwin  Locomotive  Works,  who  did  such  splendid  work  on  the 
^^'ar  Industries  Board  in  Washington  and  with  whom  I  was  con- 
stantly in  close  touch  during  the  war.  I  know  that  many  other 
members  of  The  Franklin  Institute  did  equally  good  work,  but  I 
merely  mention  these  two  names  as  typical  of  the  work  done 
by  meml^ers  of  The  Franklin  Institute  during  the  war;  and  it  is 
of  great  value  to  any  Government  to  have  an  Institute  such  as  this 
whose  members  have  the  technical  knowledge  of  chemical,  metal- 
lurgical, engineering  and  manufacturing'  questions  which  is  indis- 
pensable for  the  adequate  carrying  on  of  a  great  war. 

Lastly.  I  am  very  glad  to  have  the  chance  of  witnessing  the 
presentation  of  the  medal  of  The  Franklin  Institute  awarded 
to  my  old  friend  and  companion  in  arms  Major-General  Squier. 
It  has  been  my  good  fortune  to  know  General  Squier  for  over 
eight  years,  both  in  this  country  and  in  England,  and  in  addition 
to  the  other  bonds  of  friendship  that  unite  us  we  both  had  the 
good  fortune  to  serve  in  France  with  the  original  Expeditionary 
Force  in  1914.  For  that  reason  I  am  particularly  glad  to  be 
here  this  afternoon. 

I  take  this  opportunity  of  expressing  to  you  the  thanks  of 
Sir  James  Dewar  and  of  Great  Britain  for  the  honor  thus  con- 
ferred for  the  first  time  on  a  citizen  of  the  British  Empire.  May 
it  cement  still  further  the  friendship  between  the  two  great 
English-speaking  nations,  and  may  we,  together  with  those  great 
Nations  alongside  of  whom  we  have  fought  and  won  the  great 
struggle  in  defence  of  the  liberties  of  the  world,  may  we,  I  say, 
all  continue  to  work  together  in  the  arts  of  peace  and  civilization 
as  successfully  and  whole-heartedly  as  we  have  fought  together  in 
the  recent  great  war. 

Dr.  Keller  was  again  recognized,  and  presented  the  following 
statement  of  the  work  of  Major-General  Squier: 

Mr.  President:  It  is  a  well-known  fact  that  under  the  stress 
of  great  national  crises  individuals  are  often  stimulated  to  almost 
superhuman  performance,  and  that  tasks  which  in  normal  times 
it  would  require  decades  to  accomplish,  are  then  done,  and  well 
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done,  by  such  men  in  a  few  months  or  years.  The  great  war 
which  has  just  come  to  an  end  has  furnished  many  instances 
of  this  sort,  but  few  so  remarkable  as  that  of  the  scientist  to 
whom  you  are  about  to  present  the  other  impression  of  The 
FrankHn  Medal.  By  natural  inclination  as  well  as  by  training 
a  military  man  and  a  scientist,  he  achieved  such  distinction  in  both 
capacities  that  at  the  time  when  our  country  entered  the  great 
war  he  was  chosen  for  the  gigantic  dual  task  of  building  up  our 
Air  Fleet  and  of  providing  the  field  telephone  and  wireless  com- 
munications for  our  armies.  How  nobly  and  weH  he  acquitted 
himself  of  these  responsibilities  I  need  not  tell  you  or  an  audience 
such  as  this.  I  cannot  refrain,  however,  from  expressing  the 
thrill  of  pleasure  I  experience  in  presenting  to  you  for  the  highest 
award  of  the  Institute  a  man  who  has  so  magnificently  served  our 
Country  in  the  great  crisis. 

Our  medalist,  Major-General  George  Owen  Squier,  Ph.D., 
is  still  in  the  prime  of  life,  and  we  may  well  hope  and  expect  that 
in  the  years  to  come  he  shall  gather  many  laurels  to  add  to  those 
he  has  won  in  the  war  and  before  it.  He  was  born  at  Dryden, 
Mich.,  on  March  21,  1865.  He  received  his  military  training  at 
the  U.  S.  Military  Academy,  West  Point,  N.  Y.,  and  it  was 
there  that  he  first  showed  his  decided  bent  toward  mathematical 
and  scientific  studies.  After  his  graduation  in  1887  he  was 
appointed  second  lieutenant  in  the  Artillery,  and  shortly  after- 
wards sent  for  duty  to  Fort  McHenry,  at  Baltimore,  Md.  I  ven- 
ture to  say  that  no  assignment  could  have  been  made  more 
welcome  to  the  young  officer  who  so  ardently  aspired  to  l)e  a 
physicist.  For,  close  at  hand,  at  the  Johns  Hopkins  University, 
the  chairs  of  physics,  chemistry  and  astronomy  were  then  held 
by  a  trio  of  the  most  eminent  exponents  of  physical  science,  Tw'rr., 
Henry  Rowland,  Ira  Remsen,  and  Simon  Newcomb.  And  he 
lost  no  time  in  taking  advantage  of  his  opportunities,  nor  were 
the  teachers  slow  in  recognizing  the  exceptional  ability  and  great 
promise  of  their  soldier-student.  In  all  three  cases  the  relations 
1>etwcen  teacher  and  student  were  destined  to  grow  into  lasting 
friendships,  while  the  young  officer  was  laying  the  foundations 
for  those  inventions  which  have  since  made  him  famcnis  as 
a  physicist. 

His  first  important  contri1)Ution  to  science  was  a  research  on 
"  Electrochemical  Efifects  due  to  Magnetization,"  published   in 
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1893.  Four  years  later  he  wrote,  jointly  with  Dr.  A.  C.  Crehore, 
of  Dartmouth,  a  mathematical  paper  entitled  "  Currents  in 
Branches  of  a  \\'heatstone's  Bridge,''  and  about  this  time  he 
engaged,  partly  by  himself,  and  partly  in  conjunction  with  Dr. 
Chehore.  in  a  series  of  investigations  relating  to  applications  of 
physics  to  military'  service.  Among  the  numerous  important 
results  of  these  were  the  invention  of  a  New  Range  and  Position 
Finder  and  the  Synchronograph.  The  latter  marked  a  great  step 
forward  in  the  rapid  transmission  of  intelligence,  being  based 
on  the  use  of  the  alternating  current  with  the  polarizing  photo- 
chronograph  as  receiver.  But  this  was  only  the  beginning  of  a 
great  series  of  achievements  by  which  our  medalist  advanced 
and  improved  the  methods  of  telegraphy  and  telephony.  The 
"wired-wireless,"  first  proposed  by  him  in  191 1,  has  proved,  espe- 
cially in  military  field  operations  during  the  war,  to  be  invaluable 
as  a  means  of  sending  intelligence  and  commands.  As  the  name 
implies,  it  is  a  method  of  telegraphing  or  telephoning  by  means 
of  electrical  waves  guided  by  wires.  In  this  way  as  many  as  a 
half  dozen  messages  may  be  sent  along  a  telephone  wire,  but 
outside  of  it,  at  the  same  time,  and  without  interfering  with  the 
use  of  the  wire  for  ordinary  service.  The  messages,  however, 
must  be  tuned  to  different  frequencies  and  be  received  by  separate 
receivers.  One  great  advantage  of  this  system  is  that  the  waves 
will  still  travel  along  the  wire  when  it  is  broken  and  jump  gaps 
in  it  of  fifty  feet  and  more.  The  "  wired-wireless  "  method  of 
multiplex  telegraphy  and  telephony  has  recently  been  adapted  and 
developed  for  commercial  purposes  and  has  proved  especially 
useful  on  long  open  wire  lines.  During  the  last  few  years  our 
medalist  has  devised  a  new  method  of  ocean  cabling  which  is  now 
in  successful  operation,  effecting  a  very  considerable  increase  in 
the  capacity  of  the  existing  cables.  This  remarkable  stride  in 
cable  transmission  was  made  by  substituting  for  the  cable  "  curve," 
made  by  opening  and  closing  the  circuit,  a  single-phase  alternating 
current  of  the  sine  wave  type,  operating  with  the  Morse  code. 

The  wire  and  wireless  inventions  made  by  General  Squier  are 
bewildering  in  their  variety  and  number.  They  extend  over  the 
entire  range  of  the  transmission  of  intelligence  on  land,  under  the 
sea  and  in  the  air.  His  studies  on  the  absorption  of  electro- 
magnetic waves  by  living  organisms  led,  among  other  things,  to 
the  use  of  trees  as  antennae  in  wireless  telegraphy  and  the  con- 
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struction  of  a  new  listening  device,  the  "  floraphone."  It  was  he 
also  who  laid  the  inter-island  cable  in  the  Philippines,  in  1900, 
and  who  drew  up  the  first  specifications  of  a  military  airplane  ever 
issued  by  any  government.  What  he  did  in  building  up  our  air 
fleet  and  as  Chief  Signal  Officer  in  our  army  is  too  well  known 
to  require  any  commentary  at  this  time  and  before  this  audience. 

Nor  is  it  necessary  for  me  to  recite  here  the  many  steps  of 
his  promotion  from  second  lieutenant  to  his  present  rank  of 
Major-General,  which  have  attended  his  most  brilliant  and  event- 
ful career  in  the  Army. 

Until  a  few  days  ago  we  had  confidently  expected  that  General 
Scjuier  would  be  with  us  on  this  occasion.  I  know  he  was  look- 
ing forward  to  it  with  genuine  pleasure,  but  he  has  quite  unexpect- 
edly been  ordered  abroad.  In  his  absence  Dr.  F.  P.  Keppel, 
Assistant  Secretary  of  War,  has  kindly  consented  to  come  here 
from  Washington  to  receive  the  Franklin  Medal  for  hiuL  I  have 
the  honor,  Mr.  President,  to  introduce  to  you  Dr.  Keppel. 

The  President  then  said  : 

Dr.  Keppel,  the  members  of  The  Franklin  Institute  are  ap- 
preciative of  the  honor  conferred  upon  this  meeting  by  the  pres- 
ence of  a  representative  of  the  War  Department  of  our  National 
Government ;  and  we  than^k  you  personally,  Sir,  for  coming  to 
have  a  share  in  our  simple  ceremony. 

The  Franklin  Institute,  having  awarded  to  our  countryman. 
Major  General  George  Owen  Squier,  in  recognition  of  his  services 
to  our  country  and  to  humanity,  rendered  in  the  field  of  science, 
The  Franklin  Medal  and  Diploma,  and  a  certificate  of  Honorary 
Membership  in  The  Franklin  Institute,  it  becomes  my  duty  and 
privilege  to  present  to  you  this  Medal  and  these  documents  for 
transmission  to  General  Squier  through  the  War  Department  of 
our  National  Government.  These  awards  constitute  the  highest 
honor  in  the  gift  of  the  Institute. 

Dr.  Keppel,  in  accepting  the  medal  for  Major  General  Squier, 
expressed  the  pleasure  which  the  War  Department  felt  in  having 
the  life-work  of  General  S(|uier  recognized  by  the  highest  award 
in  the  gift  of  the  oldest  institution  in  America  devoted  to  the  de- 
velopment of  physical  science  and  its  a])plication,  and  to  the  en- 
couragement of  those  whose  researches  and  inventions  have 
served  as  milestones  in  the  progress  of  civilization. 

Colonel  M.  McK.  SaUzman.  .Acting  Chief  Signal  Officer,  then 
read  the  following  pa])er  for  the  medalist  : 
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SOME   ASPECTS    OF   THE   U.   S.    SIGNAL   SERVICE   IN 
THE  WORLD  WAR. 

BY 

GEORGE  OWEN  SQUIER,  Ph.D. 

Major-General.  Chief  Signal  Officer  U.  S.  Army. 

It  is  with  the  keenest  regret  that  I  find  it  impossible  to  be 
present  at  the  Hall  of  The  Franklin  Institute  on  the  afternoon 
of  the  2 1  St  of  May  to  receive  at  the  hands  of  our  President  The 
Franklin  Medal. 

Nothing  short  of  a  sudden  call  for  overseas  service,  from  the 
Commander-in-Chief  himself,  would  have  prevented  me  from 
being  present  in  person  to  receive  this  signal  honor  from  our 
venerable  Institution. 

Had  I  been  present  you  would  have  expected  me,  no  doubt,  to 
give  very  briefly  the  underlying  principles  which  have  guided  those 
of  us  in  authority  in  the  making  of  that  part  of  our  expeditionary 
forces  which  has  to  do  with  the  transmission  of  intelligence 
in  all  of  its  ramifications  of  personnel  and  materiel. 

This  is  not  the  time  nor  the  place  to  speak  in  detail  of  that 
great  enterprise.  In-  the  fulness  of  time  these  details  will  be 
preserved  as  they  should  be  in  the  archives  of  our  country.  It 
manifestly  can  be  done  only  when  we  can  add  to  the  accomplish- 
ments of  this  side  of  the  Atlantic  the  details  of  the  work  of  the 
Signal  Corps  in  actual  combat  and  in  the  equally  important  net- 
work of  communications  behind  the  lines  which  has  been  built  up 
not  only  in  France  but  in  England,  Italy  and  Russia  and  wherever 
American  soldiers  have  been  sent  for  duty. 

It  would  l^e  quite  impossible  to  mention  either  the  names  or  the 
accomplishments  of  the  2712  officers  and  the  53,277  men  who  have 
been  engaged  in  this  great  work.  Where  names  are  mentioned 
it  is  purely  incidental  to  illustrate  a  point. 

This  famous  Institute  itself  contributed  a  conspicuous  part 
in  this  enterprise.  In  the  early  days  of  the  war  this  Institute  for 
a  time  was  turned  into  a  veritable  recruiting  station  for  the  Signal 
Corps,  and  some  2000  officers  and  men  were  by  this  means  avail- 
able to  the  Signal  Corps,  thus  gaining  most  precious  time. 

The  importance  of  inter-communication  in  warfare  cannot 
well  be  exaggerated.  The  element  of  time  is  a  controlling  one  in 
strategy  and  tactics,  and  as  the  distances  become  greater  the  elec- 
trical  method   of   inter-communication   surpasses   all   others   in 
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iricreasing  ratio.  Unity  of  Command,  which  the  Alhes  were  so 
slow  in  reahzing,  can  reach  its  full  value  only  when  the  most 
perfect  system  of  inter-communication  is  established  and  main- 
tained between  general  headquarters  and  the  larger  units  and 
between  these  and  the  smaller  units  to  the  man  on  the  firing  line. 

The  enormous  size  of  modern  armies  and  vast  terrain  over 
which  they  must  operate  only  accentuates  the  importance  of  the 
intelligence  transmission  system. 

History  records  from  the  earliest  times  the  development  step 
by  step  of  methods  of  signaling.  It  is  known,  for  instance,  that 
the  Indians  who  inhabited  this  continent  prior  to  its  discovery  by 
Columbus  had  certain  efficient  methods  of  signaling  unknown  to 
us  at  present. 

As  civiHzation  has  progressed  science  has  been  called  upon  at 
each  step  to  contribute  additional  means  of  communication 
between  individuals  or  groups. 

Undoubtedly  the  most  efficient  method  of  signaling  yet 
devised  is  the  spoken  word  which  we  employ  hourly  to  signal 
our  thoughts  in  every  shade  of  their  meaning. 

The  telephone  art,  which  stands  to-day  as  a  monument  to 
American  genius,  and  every  essential  feature  of  which  can  be 
traced  to  American  origin,  is  efficient  over  all  others  for  the 
fundamental  reason  that  it  vastly  extends  the  reach  of  the  human 
voice  and  permits  the  use  of  language  directly  in  signaling.  This 
means  that  practically  every  individual  is  an  expert  signalman, 
and  in  the  United  States  there  is  no  region  so  remote  but  that  it 
may  not  be  joined  at  present  to  any  other  region  by  direct  speech. 

The  advances  in  radio  telephony  and  telegraphy  where  the 
ether  of  space  becomes  a  common  "  party  line  "  for  all,  and  par- 
ticularly the  linking  up  of  these  ether  circuits  to  the  great  wire 
systems  of  the  world,  protends  the  day  which  I  believe  is  not  far 
distant,  when  we  can  reach  the  ultimate  goal  so  that  any  individual 
anywhere  on  earth  will  be  able  to  comnumicate  directly  by  the 
spoken  word  to  any  other  individual  wherever  he  may  be. 

Nor  is  this  linking  up  of  methods  of  communication  restricted 
to  the  surface  of  the  earth.  To  a  limited  extent  we  can  com- 
municate from  distant  i)()inls  al)ove  the  earth  to  points  beneath 
the  surface  of  the  earth  or  of  the  ocean.  To-day  we  are  talking 
directly  from  the  high-s])ec(l  airplanes  alM)ve  the  clouds  to  the 
wire  sy.stems  of  the  country  and  ships  at  sea  also  can  speak  from 
mid-ocean  to  land  stations  of  the  wire  svstcm. 
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It  is  possible,  for  instance,  for  the  President  of  the  United 
States  to  exercise  his  functions  during  residence  in  Europe  which 
would  have  been  utterly  out  of  the  question  a  few  years  ago. 
Indeed,  the  time  is  not  far  distant,  it  is  believed,  when  the  Presi- 
dent of  the  United  States  may  address  from  the  White  House 
practically  the  entire  American  people  assembled  in  their  respec- 
tive localities  throughout  the  country  to  receive  his  message  by 
his  own  voice. 

The  radio  lighthouse,  which  shall  mark  the  aerial  highways 
throughout  the  land  and  serve  as  beacons  for  the  guidance  and 
location  of  aircraft  on  every  voyage,  is  an  accomplished  fact,  and 
these  will  multiply  rapidly  as  each  city  and  town  of  the  country 
is  brought  within  the  expanding  net-work  of  public  and  municipal 
flying  grounds. 

These  lighthouses  have  certain  advantages  over  the  normal 
lighthouses  in  that  their  ranges  may  be  much  greater,  and  they, 
are  not  invisible  in  the  daytime  nor  obscured  by  fog  and  mist. 

Surely  no  development  can  surpass  in  wonder  and  amazement 
the  accomplishments  of  radio  telephony  and  telegraphy  and  cer- 
tain associated  subjects  now  being  realized  every  hour. 

We  are  on  the  threshold  of  the  inauguration  of  what  is  called 
the  League  of  Nations  and  drastic  limitations  to  the  enormous 
burdens  which  nations  in  the  past  have  carried  in  the  creation 
and  maintenance  of  military  armaments  will,  it  is  hoped,  be 
imposed.  The  practical  execution  of  the  provisions  of  the  League 
of  Nations  from  the  military,  economical,  social  and  diplomatic 
standpoints  will  depend,  it  is  believed,  very  largely  upon  the 
creation,  expansion  and  maintenance  of  the  most  perfect  inter- 
linked network  of  inter-communication,  literally  covering  the 
land,  sea  and  air.  Such  a  perfect  system  will  be  the  cheapest 
and  most  certain  adjunct  to  effectively  carrying  out  the  provisions 
of  this  League,  and  will  contribute  to  a  better  understanding 
between  nations  as  will  no  other  agency  or  instrumentality. 

On  April  6,  19 17;  the  vSignal  Corps  of  the  Regular  Army 
consisted  of  55  officers  and  1570  men,  and  the  problem  confront- 
ing the  Corps  was  how  to  provide  in  the  shortest  possible  time 
for  an  installation  in  Europe  as  well  as  in  the  United  States, 
which  should  extend  from  every  factory  door  and  training  camp 
throughout  the  United  States  to  the  front  line  trenches  in  France. 

The  Signal  Corps  is  a  small  compact  service  ranging  from 
2y2  to  4  per  cent,  of  the  Army,  which  in  a  peculiar  sense  serves 
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all  branches  of  the  Army  as  perhaps  no  other  service  does.  To 
illustrate,  if  at  any  time  prior  to  the  signing  of  the  armistice  we 
were  to  subtract  from  the  American  Army  the  Signal  Corps  in 
its  entirety  for  a  single  hour,  the  whole  military  machine  would 
utterly  collapse.  This  is  believed  not  to  be  the  case  to  the  same 
extent  for  any  other  equal  per  cent,  of  the  Army.  This  merely 
means  that  this  small  percentage,  which  may  be  called  the  nervous 
system  of  the  body  of  the  Army,  must  be  made  both  in  personnel 
and  materiel  as  efficient  and  perfect  as  possible. 

Nothing  should  be  left  undone  which  contributes  in  any  man- 
ner to  the  creating  and  maintaining  of  the  highest  efficiency  in 
this  small  percentage  of  the  Army  which  adds  this  vital  service. 

The  advance  in  the  science  and  art  of  electrical  communication 
has  reached  a  point  where  it  may  be  said  that  the  Signal  Service 
stands  to-day  as  a  distinctly  technical  service  second  to  none  in 
the  Army. 

Realizing  the  utter  unpreparedness  of  this  country  at  the  time 
we  entered  the  war  and  having  been  fortunate  enough  to  have 
been  in  Europe  with  one  of  the  allied  armies  covering  a  period 
of  two  years  of  the  war,  I  realized  that  the  only  hope  of  an 
adequate  Signal  Service  in  the  shortest  possible  time  was  to  so 
arrange  matters  that  the  very  best  trained  men  in  this  country' 
already  engaged  in  the  telephone,  telegraph  and  electrical  indus- 
tries should  be  made  available  forthwith  after  the  outbreak  of  war. 

Our  problem  was  a  different  one  in  this  country  from  that  of 
our  Allies  where  the  telegraph  and  telephone  systems  are  already 
in  control  of  the  Government. 

Realizing  the  importance  of  this,  sometime  in  January,  191 7, 
as  I  remember  it,  prior  to  the  entrance  of  this  country  into  the 
war,  I  went  to  New  York  and  had  an  informal  conference  with 
Mr.  Theodore  N.  Vail,  President  of  the  American  Telephone  and 
Telegraph  Company;  Mr.  Newcomb  Carlton,  President  of  the 
Western  Union  Telegraph  Company,  and  in  particular  with  my 
friend  Colonel  John  J.  Carty,  in  which  the  general  outlines  of 
the  })rocedure  in  case  we  entered  the  war  were  taH<ed  over  and 
arranged. 

The  problem  was,  1  low  could  we  pick  from  these  organizations 
and  other  similar  utilities  the  men  and  c(|uipnient  needed  imme- 
diately without  cri])pling  that  essential  service  in  the  United  States, 
where  additional  demands  would  be  made  in  the  vast  industrial 
])reparations  retpiired  at  home  also? 
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Manifestly  this  could  be  done  only  by  thorough  cooperation 
between  the  Government  and  the  guiding  heads  of  these  utilities. 

The  hrst  move  therefore  made  upon  the  outbreak  of  war 
was  the  commissioning  of  four  or  five  of  the  leading  engineers 
and  executives  in  the  commercial  telephone  and  telegraph  com- 
panies of  this  country  and  these  in  turn  were  charged  with  the 
selection  and  organization  of  the  trained  personnel  to  be  sent 
immediately  abroad  to  start  the  work  while  the  new  army  could 
be  trained  in  this  country.  These  engineers  and  executives, 
instead  of  being  brought  to  Washington  in  the  early  days  of  the 
war.  were  left  directly  at  their  offices,  where  they  had  every 
facility  organized,  and  they  took  their  orders  from  the  Signal 
Office  in  Washington.  With  the  loyal  cooperation  of  the  com- 
panies themselves  it  was  possible  to  send  to  Europe  in  the  first 
months  of  the  war  twelve  battalions  of  the  best  trained  men  this 
country  could  produce.  Each  one  of  these  organizations  was 
composed  of  officers  and  men  who  were  already  technically  trained 
and  whose  conduct  and  character  w'ere  vouched  for  by  the  organi- 
zations from  which  they  came. 

In  the  meantime,  of  course,  the  machinery  for  a  large  number 
of  technical  schools  was  set  in  motion  which  later  produced  the 
flow  of  field  and  telegraph  battalions  required  for  the  combatant 
troops. 

If  the  Chief  Signal  Officer  had  brought  this  first  group  men- 
tioned above  directly  to  Washington,  as  would  have  been  the  usual 
procedure,  the  time  which  it  would  have  taken,  under  the  con- 
gested conditions  necessarily  then  existing  in  the  War  Depart- 
ment, to  establish  these  officers  and  equip  them  w^ith  the  office 
machinery  required,  and  learn  the  intricacies  of  army  routine, 
would  have  caused  the  Signal  Corps  to  lose  a  great  deal  of 
valuable  time  in  getting  the  initial  start  in  France. 

During  the  early  months  of  the  war,  therefore,  these  officers 
in  the  uniform  of  their  country,  installed  in  their  regular  offices, 
with  the  full  machinery  at  their  disposal,  represented  for  a  time 
the  United  States  as  well  as  their  former  employers,  and  through 
the  hearty  cooperation  and  loyal  support  of  all  hands  the  Signal 
Corps  was  enabled  to  get  under  way  with  the  ablest  and  most 
experienced  technical  men  in  the  country  in  the  shortest  possible 
time. 

It  is  difficult  to  realize  to  what  extent  specialization  has 
reached  under  the  impetus  of  war  in  the  matter  of  electrical 
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intercommunication.  The  mere  enumeration  of  the  types  of 
speciahsts  now  required  by  the  Signal  Corps  is  a  formidable  one. 
In  addition  to  regular  special  troops  in  the  line  branches  of  the 
Army  this  service  demands  highly  trained  specialists  as  follows : 

Telephone  and  telegraph  engineers 

Traffic  and  plant  experts 

Operators  both  male  and  female,  speaking  French,  English  and  German 

Installers  and  maintenance  experts 

Telephone  and  telegraph  repeater  experts 

Printing  telegraph  mechanicians 

Traffic  supervisors  and  test-board  men 

Traffic  and  wire  chiefs 

Linemen 

Switchboard  repairers  and  installers 

Radio  engineers,  constructors  and  operators 

Electrical  research  experts 

Meteorologists 

Photographers — both  still  and  motion 

Pigeon  fanciers 

Optical  experts  and  field  glass  repairmen 

Instrument  makers  and  repairers 

Shop  practice  experts  and  oxy-acetylene  welders 

Production  experts 

Gasoline  and  motor  transport  experts 

Motorcyclists 

Chauffeurs 

Dry  and  storage  battery  experts 

Storehouse  managers 

Cable  experts  and  operators 

Draftsmen 

RESEARCH   AND   DEVELOPMENT. 

In  no  branch  of  the  military  establishment  is  the  need  for 
continual  research  more  necessary  than  in  the  Signal  Corps  of  the 
modern  army.  Scarcely  a  single  piece  of  technical  apparatus  that 
was  regarded  as  adequate  at  the  beginning  of  the  war  is  to  be 
found  in  the  Signal  Corps  equipment  at  the  time  of  the  signing 
of  the  armistice.  Strong  research  departments  were  founded 
both  in  France  and  in  the  United  States  and  the  best  men  of  the 
country  available  were  assigned  to  this  work.  Many  of  these 
men  were  taken  from  universities  and  colleges  and  electrical, 
chemical,  physiological  and  mechanical  specialists  were  set  to  work 
on  both  sides  of  the  Atlantic  to  devise  new  means  of  supplementing 
the  methods  of  signaling  and  associated  subjects.  In  engineering 
development  the  demands  grew  to  the  proportion  of  a  large  Indus- 
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trial  plant.  The  entire  facilities  of  the  Bureau  of  Standards  were 
requisitioned  on  a  large  number  of  special  problems  and  the  prin- 
cipal personnel  of  the  Weather  Bureau  were  used  in  the  newly 
established  meteorological  service. 

It  was  soon  realized  that  a  special  laboratory  devoted  exclu- 
sively to  development  work  and  entirely  independent  of  the  com- 
mercial laboratories,  such  as  the  Western  Electric  Company  and 
the  General  Electric  Company,  would  be  needed,  and  a  special 
laboratory-  fully  equipped  for  radio  development  was  established 
at  Little  Silver,  New  Jersey,  which  grew  to  be  one  of  the  largest 
in  the  w'orld.  Recently  this  site  has  been  purchased  for  the  per- 
manent use  of  the  Signal  Corps  and  the  experience  of  the  present 
war  has  clearly  shown  the  necessity  for  an  institution  of  this  sort 
where  trained  specialists  may  devote  their  entire  energies  to  the 
new  problems  constantly  arising  in  the  extension  of  methods  of 
intercommunication  now  appearing  as  never  before. 

The  Science  and  Research  Division  of  the  Signal  Corps  was 
established  in  Washington  and  a  mere  enumeration  of  the  number 
of  problems  which  this  Division  was  called  upon  to  investigate 
and  develop  shows  to  what  extent  all  branches  of  science  were 
drawn  upon  to  perfect  this  service. 

TRAINING   OF  PERSONNEL. 

It  was  not  possible  to  take  men  from  the  general  draft  and 
train  them  as  efficient  telephone  and  telegraph  men  within  the 
very  short  time  that  could  be  allotted  for  training,  and  hundreds 
of  men  assigned  directly  to  Field  Signal  Battalions  from  the  gen- 
eral draft  had  to  be  turned  back  again.  The  plan  eventually 
worked  out  was  to  obtain  75  per  cent,  of  all  Signal  Corps  per- 
sonnel required,  from  enlisted  men  who  had  completed  the  course 
of  instruction  laid  dow^n  by  Signal  Corps  schools.  These  schools 
were  established  at  the  principal  colleges,  universities  and  tech- 
nical schools  throughout  the  country.  In  addition  five  large 
training  camps  were  established  as  follows : 

Camp  S.  F.  B.  Morse 
Fort  Leavenworth 
Camp  Alfred  Vail 
Franklin  Cantonment 
College  Park,  Maryland 

The  curriculum  was  established  for  these  schools  and  stan- 
dardized for  all,  which  included  a  thirteen  weeks'  technical  course. 


120  Presentation  of  Franklin  MedxVL.  [J- F- I. 

As  to  the  results  obtained  in  the  selection  and  training  of 
personnel,  the  following-  statement  was  made  by  Mr.  Daniel  W. 
LaRue,  Chief  Psychological  Examiner,  upon  the  completion  of  his 
work  at  the  Signal  Corps  Cantonment,  Camp  Meade,  Md. : 

"  These  facts  substantiate  what  has  been  found  in  other  camps, 
that  the  Signal  Corps  personnel  as  a  whole  have  the  highest  aver- 
age intelligence  as  far  as  the  Army  psychological  examinations 
can  determine." 

EQUIPMENT. 

The  extent  of  equipment  required  by  a  modern  army  for  Signal 
Corps  purposes  is  beyond  what  anyone  could  have  dreamed.  As 
an  example,  a  single  order  for  a  certain  kind  of  insulated  wire 
was  in  sufficient  amount  to  extend  14  times  around  the  earth.  The 
cost  of  Field  Glasses  alone  exceeded  $40,000,000,  and  Wrist 
Watches  for  Signal  Corps  operators  alone  reached  a  total  in 
excess  of  43,000  watches.  Over  a  million  batteries  were  pro- 
duced, and  285,000  Vacuum  Tubes  for  radio  amplifiers.  Over 
100,000  telephones  for  field  use  alone  were  necessary,  and  over 
200,000  pliers  for  use  in  line  construction  work.  Over  8000  of 
one  single  type  of  Radio  apparatus  was  produced  and  shipped 
to  France. 

The  above  items  constitute  but  a  few  of  the  267  which  are 
furnished  to  various  branches  of  the  Army  as  Unit  Equipment. 
In  addition  to  these  there  are  over  2000  items  for  use  by  the 
Special  Services  and  in  maintaining  communication  in  the  Zone 
of  Supply. 

The  above  brief  outline  of  the  quantities  of  modern  Signal 
Equipment  required  for  the  conduct  of  war  as  it  is  now  under- 
stood teaches  above  all  other  things  one  lesson  in  organization, 
which  is,  that  the  Signal  Corps  officer,  like  a  medical  officer,  must 
make  the  Signal  Service  his  life  work.  Previous  to  this  war  the 
Signal  Corps  of  the  American  Army  was  organized  by  detail  from 
the  infantry,  artillery,  or  cavalry,  for  a  period  of  four  years. 
Having  in  mind  the  services  which  are  rendered  to  each  and  all 
branches  of  the  army  by  this  small  group  of  specialists,  it  is  clear 
that  in  any  plan  for  reorganization  we  must  first  select  with  great 
care  the  young  officers  for  this  service  and  then  give  them  the 
best  training  to  be  found  in  the  country  for  their  work,  since  it  is 
only  by  continuous  aj)plication  and  study  that  the  Signal  Officer 
can  hope  to  maintain  his  efficiency. 

The  supreme  test  of  the  Signal  Corps,  as  of  all  other  braiiches 
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of  the  Army,  is  always  to  be  found  in  the  performance  of  its  tasks 
under  the  actual  tests  of  battle  and  in  the  military  areas  which 
supply  and  maintain  the  combatant  troops.  I  cannot  better  close 
these  brief  observations  of  the  Signal  Corps  than  by  quoting  a 
letter  from  General  Pershing,  the  Commander-in-Chief,  issued 
and  published  to  the  Aiuerican  Expeditionary  Forces  under  date 
of  Februar}-  19.  19 19: 

"  Now  that  active  operations  have  ceased,  I  desire  to 
congratulate  the  officers  and  men  of  the  Signal  Corps  in 
France  on  their  work,  which  stands  out  as  one  of  the 
great  accomplishments  of  the  American  Expeditionary 
Forces — the  result  of  a  happy  combination  of  wise  plan- 
ning and  lx)ld  execution  with  the  splendid  technical  quali- 
ties of  thousands  of  men  from  the  great  commercial 
telephone,  telegraph  and  electrical  enterprises  of  Amer- 
ica. It  is  a  striking  example  of  the  wisdom  of  placing 
highly  skilled,  technical  men  in  the  places  where  their 
experience  and  skill  will  count  the  most. 

"  Each  Army  Corps  and  Division  has  had  its  full 
quota  of  Field  Signal  Battalions  wdiich,  in  spite  of 
serious  losses  in  battle,  accomplished  their  work,  and  it 
is  not  too  much  to  say  that  without  their  faithful  and 
brilliant  efforts  and  the  communications  which  they 
installed,  operated  and  maintained,  the  successes  of  our 
armies  would  not  have  been  achieved. 

"  While  the  able  management  of  the  directing  per- 
sonnel is  recognized,  it  is  my  desire  that  all  members . 
of  the  Signal  Corps,  who,  regardless  of  long  hours  and 
trying  conditions  of  service,  have  operated  and  main- 
tained the  lines,  shall  know'  that  their  loyalty,  faithful- 
ness and  painstaking  care  has  been  known  and  appreci- 
ated.     In  the  name  of  the   American   Expeditionary 
Forces.  I  thank  them  one  and  all  and  send  to  them  the 
appreciation  of  their  comrades  in  arms  and  their  Com- 
mander-in-Chief." 
After  the  reading  of  the  above  paper  moving  pictures  and  lan- 
tern slides  illustrative  of  A.  E.  F.  Signal  Corps  activities  were 
shown  under  the  direction  of  Captain  A.  Bliss  Albro.and  a  number 
of  Signal  Corps  communication  devices,  such  as  T.  P.  S.  sets, 
trench  and  airplane  radio  sets,  etc.,  were  exhibited  by  Captain 
E.  F.  Pernot. 

Vol.  188,  Xo.  1123 — 9 
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Cements  Producing  Quick-hardening  Concrete.  P.  H.  Bates. 
(Proceedings  of  the  American  Society  for  Testing  Materials,  June 
24-27,  1919.) — There  have  been  prepared  at  the  Pittsburgh 
branch  of  the  Bureau  of  Standards  certain  cements  which  have 
the  property  of  hardening  very  rapidly.  These  were  made  in  a 
manner  no  different  from  that  used  in  making  Portland  cement, 
but  their  composition  differed  very  materially  from  the  composi- 
tion of  the  latter  in  that  they  consisted  very  largely  of  lime  and 
alumina.  These  calcium  aluminates,  when  they  are  very  high  in 
alumina,  do  not  have  a  very  marked  rapid  initial  set,  but  do 
harden  very  quickly  and  therefore  produce  high  early  strengths. 
Some  of  the  maximum  strengths  were  3145  pounds  per  square 
inch  for  I  :  6  gravel  concrete,  tested  in  the  form  of  a  6  x  12  inches 
cylinder,  at  the  end  of  twenty-four  hours,  6010  pounds  per  square 
inch  at  the  end  of  seven  days,  and  8220  pounds  per  square  inch  at 
the  end  of  one  year. 

Tests  were  also  made  on  6  x  12  inches  cylinders  in  which  the 
bonding  material  was  "  Sorel  cement."  These  cements  are  produced 
by  gauging  light  calcined  magnesia  with  magnesium  chloride  solu- 
tion. The  fact  that  magnesium  oxide  when  mixed  with  a  solution 
of  magnesium  chloride  will  harden  was  possibly  first  known  by 
Sorel  in  1853;  from  him  it  has  at  least  taken  its  more  common 
name.  Such  a  cement  develops  in  twenty-four  hours  a  strength 
approximately  equivalent  to  that  developed  at  the  end  of  seven 
days  by  a  similar  concrete  made  with  Portland  cement.  Both  of 
these  cements  commend  themselves  for  certain  special  uses  where 
a  quick-hardening  concrete  of  high  strength  is  required.  Neither 
would  be  desirable  where  subject  to  the  continued  action  of  water. 
The  Sorel  cement  alone  is  on  the  market  at  the  present  time. 

Artificial  Stone  from  Mica  and  Clay.  Anon.  (The  American 
Architect,  vol.  cxv,  No.  2268,  p.  824,  June  11,  1919.) — Mr.  Chr. 
Ingvaldsen,  of  Saaheim,  Norway,  claims  to  have  devised  a  process 
of  making  a  practicable  building  stone  by  mixing  finely  divided 
mica  with  a  just  sufficient  amount  of  clay  or  other  substance  of 
similar  properties,  to  form  a  coherent  mass,  which  is  then  shaped 
into  blocks,  plates,  and  other  objects  of  any  desired  shape  and 
size.  These,  it  is  learned,  are  then  fired  at  a  temi)erature  just 
high  enough  to  fuse  the  mass,  the  resulting  stone  having  in  gen- 
eral the  same  properties  as  natural  mica. 

If  it  be  desired  to  produce  stone  having  greater  resistance  to 
high  temperatures  the  process  is  modified  as  follows:  Instead  of 
mica  alone,  a  mixture  of  equal  parts  of  mica  and  of  crushed 
quartz,  with  just  enough  clay  to  act  as  a  binder.  The  stones 
formed  from  this  mixture  are  fired  at  a  temperature  high  enough 
to  secure  the  fusing  of  the  mica.  The  result  is  a  homogeneous 
mass  not  only  highly  refractory  to  heat,  but  capable  of  acting  as 
an  electric  insulator. 
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A   SIMPLIFICATION   OF   THE   INVERSE-RATE   METHOD   FOR 
THERMAL  ANALYSIS/ 

By  Paul  D.  Merica. 
[abstract.] 

The  use  of  stop-watches  in  taking  inverse-rate  curves  in  ther- 
mal analysis  is  described,  and  it  is  shown  that  they  may  be  substi- 
tuted for  the  chronograph,  which  is  often  used  without  sacrificing 
accuracy  or  sensitivity.  One  operator  is  able  to  record  the  suc- 
cessive time  intervals  for  the  inverse-rate  curve,  with  their  aid, 
and  no  time  is  subsequently  required  for  the  reading  and  counting 
of  the  chronograph  record;  the  intervals  so  recorded  may  be 
plotted  directly. 

STRENGTH  AND  OTHER  PROPERTIES  OF  WIRE  ROPE." 

By  J.  H.  Griffith  and  J.  G.  Bragg. 

[abstract.] 

Nature  of  Investigation. — Thq  paper  presents  the  results  of 
tests  upon  275  wire  ropes  submitted  by  American  manufacturers 
to  fulfill  the  specifications  framed  by  the  Isthmian  Canal  Commis- 
sion in  191 2.  The  samples  were  selected  by  government  inspectors 
for  acceptance  tests  of  materials  to  be  used  at  the  canal  zone. 

The  rope  ranged  in  diameters  from  Y^  inch  to  1^2  inches,  a 
few  being  of  larger  diameters  up  to  3^4  inches.  Over  half  the 
specimens  were  plow  and  crucible  cast  steel  hoisting  rope  of  6  and 
8  strands,  19  wires  each.  The  remainder  were  galvanized  steel 
guy  rope  and  iron  tiller  rope  of  6  strands,  7  w'ires  and  6  strands, 
42  wires,  respectively. 

The  investigation  was  made  primarily  to  determine  the  tensile 
strengths  of  the  ropes.  Much  of  the  experimentation  was  of  a 
supplementary  character — to  determine  the  general  laws  of  con- 
struction of  the  rope  as  the  basis  of  the  interpretation  of  their 
physical  behavior  under  stress.    A  comparative  analysis  was  made 

♦Communicated  by  the  Director. 
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of  the  chemical  constituents  of  steels,  rope  fibres  and  lubricants 
of  plow  steel  ropes  submitted  by  different  manufacturers. 

Methods  of  Tests. — The  wires  at  the  ends  of  specimens  were 
"frayed  out"  to  form  a  "broom."  These  were  inserted  into 
moulds,  into  which  molten  zinc  was  poured  so  as  to  form  conical 
sockets  for  connection  to  the  testing  machines.  Most  of  the 
tensile  tests  were  made  on  a  600,000  pound  Olsen  testing  machine, 
the  ropes, of  large  diameters  being  tested  on  the  1,200,000  pound 
Emery  machine.  Stress-strain  measurements  were  made  on  over 
half  the  specimens.  Numerous  tests  of  individual  wires  were  con- 
ducted in  tensile,  bending,  and  torsion  machines.  The  strengths 
of  the  cables  were  studied  in  connection  with  their  modes  of  con- 
struction, the  strengths  of  their  component  wires,  and  the  types  of 
fractures  which  were  presented. 

Results  of  Measurements  and  Tests. — The  homologous  linear 
dimensions  of  the  strands,  wires,  and  fibre  cores  were  found  to 
vary  in  direct  proportion  to  the  diameters  of  the  ropes.  The 
diameters  of  the  strands  and  fibre  cores  were  generally  one-third 
the  diameter  of  the  rope.  The  mean  pitch  or  lay  of  the  strands 
was  '/y2  diameters.  The  mean  lay  of  the  wires  was  2.)4  diameters. 
The  mean  diameter  of  the  wires  was  expressed  by  the  equation: 

_       D 

d  =  diameter  of  wires. 

I)  =  diameter  of  rope. 

jV^  number  of  wires  in  outer  ring  of  wires  of  a  strand. 

C   i.o    for  hoisting  and  guy  rope. 
/C=  -I   0.8    for  extra  flexible  8  x  19  hoisting  rope. 
(^    .i2  for  tiller  rope. 

The  aggregate  cross  sectional  areas  of  the  wires  was  expressed 
approximately  by  the  equation  : 

.41  for  6  X  19  plow  steel  hoisting  rope. 
.38  for  6x19  cruc.  steel  hoisting  rope. 
A=^0  D^:  C  ={  ,38  for  6  X    7  guy  rope. 

.35  for  8x19  plow  steel  rope. 
.26  for  6  x  42  iron  tiller  rope. 

It  was  found  when  the  maximum  loads  determined  from  ten- 
sile tests  were  platted  as  functions  of  the  diameters  of  the  ropes 
that  the  curves  bounding  the  lower  frontiers  of  each  zone  com- 
prising the  observed  values  were  in  close  agreement  w  i(h  similar 
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curves  platted  from  the  niininium  strengths  stipulated  in  the  speci- 
fication of  the  Isthmian  Canal  Commission  of  1912.  These 
strengths  were  also  in  approximate  agreement  with  the  standard 
strengths  recommended  in  19 10  by  the  manufacturers  from  the 
results  of  their  tests  of  cables  similarly  classified.  The  minimum 
strengths  found  from  the  present  investigation  are  given  by  the 
following  empirical  equation : 

I  .oad  =  C  75000  D' 
D  =  diameter  of  wire  rope  in  inches. 

I  .9  to  I.I  :  mean  value  about  i.o;  6  x  g  plow  steel  cables. 

I  .8  to  .95:  mean  value  about  .9;  8x  19  plow  steel  and  6x19  cruc.  cast 

^  steel  cables. 

/  .3  to  .4 :  mean  value  about  .35  :  iron  tiller  and  steel  guy  rope. 

The  modulus  of  the  rope  calculated  from  stress-strain  measure- 
ment was  found  to  vary  from  3,000,000  to  9,000,000  pounds  per 
square  inch,  depending  upon  the  diameter  and  class  of  cable. 

Plow  steel  ropes  were  selected  for  comparative  analyses  of  the 
constituent  materials.  In  the  chemical  analyses  the  carbon  content 
ranged  from  64  to  96  per  cent,  with  a  mean  of  about  75  per  cent. 
The  manganese  ranged  from  25  to  68  per  cent.,  the  silicon  from  1 1 
to  24  per  cent.  The  percentage  of  phosphorous  and  sulphur  was 
relatively  low.  In  certain  cases  the  steel  of  the  filler  wires  was 
softer  than  the  main  wires. 

The  fibres  used  in  making  the  core  of  the  rope  were  estimated 
as  manila,  jute,  istle,  mauritius,  manila  fibre  alone  being  employed 
by  certain  manufacturers.  The  preservatives  and  lubricants  on 
the  cores  were  composed  of  wood  and  vegetable  tars,  petroleum 
products,  and  fish  oil,  the  practice  varying  somewhat  among  the 
manufacturers. 

There  was  a  reasonable  uniformity  in  the  strengths  and  elonga- 
tions of  the  wires  from  a  particular  cable,  but  a  larger  variation  in 
the  strengths  of  the  wires  from  cables  of  dififerent  manufacturers. 
This  was  probably  due  to  the  fact  that  different  grades  of  plow 
steel  w^ere  used  by  the  several  manufacturers  in  meeting  the  provi- 
sions of  the  specifications. 

The  cables  developed  from  72  to  90  per  cent,  of  the  aggregate 
strengths  of  the  wires.  The  upper  limit  of  the  ratio  of  the  strength 
of  a  rope  to  the  strengths  of  its  wires  was  found  from  theoretical 
considerations  to  be  89.2  per  cent,  for  6x19  plow  steel  cables. 
The  differences  between  the  results  of  the  theoretical  analvsis  and 
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the  practical  tests  were  largely  attributed  to  different  streng-ths  and 
degrees  of  ductility  of  the  wires,  this  causing  an  unequal  distribu- 
tion of  the  load  among  the  strands  with  over-stressing  of  certain 
strands  near  the  point  of  failure. 


NOTES    ON   THE   GRAPHITIZATION    OF   WHITE    CAST    IRON 
UPON  ANNEALING.' 

By  P.  D.  Merica  and  L.  F.  Gurevich. 

[abstract.] 

1.  The  annealing  or  graphitization  ranges  of  temperatures 
were  determined  for  three  different  compositions  used  for  car 
wheels.  The  temperature  of  initial  precipitation  of  temper  carbon 
for  six  hours  of  annealing  was  not  noticeably  affected  by  variation 
of  sulphur  content  from  o.io  to  0.20  per  cent,  or  by  variation  of 
total  carbon  content  from  3.60  to  3.90  per  cent.,  although  the  effect 
of  greater  carbon  content  is  to  narrow  the  temperature  range 
within  which  graphitization  is  complete. 

2.  The  temperature  of  beginning  precipitation  of  temper 
carbon  was  about  830°  for  the  six-hour  period  of  annealing  and 
about  725^0.  for  the  forty-eight-hour  period.  The  maximum  al- 
lowable temperature  therefore  for  the  annealing  or  "pitting"  of 
car  wheels  is  about  725  °C. 

3.  After  complete  decomposition  of  all  free  cementite  by  an- 
nealing at  from  1000°  to  iioo°C.  and  cooling  at  equal  rates  in  a 
laboratory  electric  furnace  less  graphite  is  found  in  a  specimen 
cooled  from  1100°  degrees  than  in  one  of  the  same  composition 
cooled  from  iooo°C.  This  indicates  that  graphite  separates  di- 
rectly from  solid  solution  upon  cooling,  when  its  luiclei  are  already 
present. 

4.  The  fact  that  only  0.20  per  cent,  of  combined  carbon  was 
found  in  some  specimens  after  annealing  at  high  temperatures  and 
cooling  slowly  in  the  furnace  would  indicate  either  that  the 
graphite  eutectoid  lies  at  much  lower  values  of  carbon  content 
than  has  been  previously  supposed,  that  there  is  at  these  rates  of 
cooling  a  direct  precipitation  of  graphite  eutectoid  or  that  there  is 
a  formation  of  graphite  from  pearlitc  at  temperatures  directly 
below  that  of  its  formation. 
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THE  EFFECT  OF  RATE  OF  TEMPERATURE  CHANGE  ON  THE 
TRANSFORMATIONS  IN  AN  ALLOY   STEEL/ 

By  H.  Scott. 

[abstract.] 

Cooling  curves  taken  on  an  air-harclening  steel  of  the  high 
speed  tool  steel  type  show  two  critical  points  on  cooling  from 
920  ^C,  one  occurring  at  about  750  °C.  accompanied  by  the  pre- 
cipitation of  the  hardening  constituent,  the  carbide,  and  the  other 
on  fast  cooling  at  about  400  °C.,  under  which  condition  the  car- 
bide remains  in  solution  as  martensite.  On  cooling  at  intermediate 
rates  both  transformations  are  observed  and  the  constituents, 
troostite  and  martensite,  are  detected  by  the  microscope.  A 
transformation  is  observed  on  the  heating  curves  taken  following 
a  fast  cooling  which  is  manifested  by  an  evolution  of  heat  ending 
at  about  645  °C.,  and  which  represents  the  precipitation  of  the 
carbide  held  in  solution  by  previous  rapid  cooling.  The  reso- 
lution of  the  carbide  under  these  conditions  occurs  at  a  tempera- 
ture some  10  to  15 °C.  higher  than  after  a  slow  cooling. 

The  conclusions  drawn  support  the  twenty-year-old  theory  of 
Le  Chatelier  that  martensite  is  a  solid  solution  of  carbide  in 
alpha  iron. 


Photographic  Evidences  of  Meter  Readings.  Anon.  {Elec- 
trical World,  vol.  Ixxiii,  No.  i,  p.  36,  January  4,  1919.) — The  Detroit 
Edison  Company  is  using  a  special  camera  for  taking  "  load  test  " 
meter  readings  to  establish  customers'  demand  charge.  A  regu- 
lar meter  reading  camera  was  rebuilt  so  that  now  photographs  are 
taken  showing  in  the  picture  not  only  the  meter  reading  but  a 
watch  dial  with  the  time  of  reading  and  also  the  name  and 
address  of  the  customer. 

The  photographic  readings  have  shown  their  value  in  a  num- 
ber of  instances  where  differences  of  opinion  have  come  up  with 
regard  to  the  correctness  of  load  curves.  For  example,  in  a  case 
where  a  customer  raised  an  objection  to  his  bill  on  the  ground 
that  readings  were  not  taken  exactly  one  hour  apart,  the  produc- 
tion of  an  actual  photograph  of  his  meter  with  the  time  of  taking 
shown  on  the  same  film  satisfied  him  as  to  the  correctness  of  the 
load  test. 

*  Scientific  Papers,  No.  335. 
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Testing  Strength  of  Joint  Glues.  Anon.  (Forest  Products 
Laboratory,  Madison,  Wisconsin,  Technical  Notes  No.  F-16.) — In 
using  glues  for  high-grade  joint  work,  a  knowledge  of  the  strength 
of  the  joint  is  important.  A  method  which  is  inexpensive,  accu- 
rate, and  suitable  for  use  in  a  woodworking  factory  has  not  yet 
been  developed.  The  following  method,  which  is  used  at  the 
Forest  Products  Laboratory,  can  be  employed  if  a  universal  tim- 
ber testing  machine  is  available. 

Two  blocks  of  selected  hard  maple,  about  i  inch  by  2}^  inches 
by  12  inches  in  size  are  glued  together.  After  the  glue  has  aged 
sufficiently  they  are  cut  into  shear  specimens  and  these  are  placed 
in  a  testing  machine  so  that  the  base  of  the  long  half  of  the 
block  rests  on  a  metal  seat.  Pressure  is  then  exerted  on  the  short 
half,  causing  it  to  slide  past  the  long  half  at  the  glued  point.  The 
pressure  required  to  separate  the  blocks  in  this  way  is  measured  and 
the  percentage  of  the  area  of  wood  surface  torn  out  by  the  glue 
estimated. 

If  the  failure  occurs  entirely  in  the  glue,  a  measure  of  the 
strength  of  the  glue  joint  is  obtained,  but  if  the  failure  is  entirely 
or  partly  in  the  wood,  as  frequently  happens,  the  full  strength  of 
the  glue  is  not  developed  and  the  test  may  have  to  be  repeated, 
using  stronger  blocks. 

As  the  same  method  has  been  vised  in  securing  data  on  the 
strength  of  wood  in  shear,  when  the  strength  of  glue  has  been 
determined,  it  can  be  compared  with  that  of  any  wood  whose 
average  shearing  strength  is  known. 

The  Forest  Products  Laboratory  has  made  thousands  of  tests 
on  specimens  glued  with  casein  and  animal  glues,  and  when  prop- 
erly used,  these  glues  have  shown  shear  values  of  2400  pounds  or 
more  per  square  inch.  Few  commercial  American  woods  average 
more  than  2400  pounds  per  square  inch  in  shearing  strength,  and 
the  majority  of  them  average  less  than  2000  pounds.  Many  glue 
tests  have  averaged  as  high  as  3000  pounds. 

How  Much  Water  Should  be  Used  in  Concrete?  Anon. 
(Scientific  American,  vol.  ex,  No.  15,  p.  365,  April  12,  1919.) — The 
Emergency  Fleet  Corporation,  in  connection  with  its  work  on 
concrete  vessels,  has  developed  an  apjiaratus  for  testing  the 
amount  of  water  which  should  be  used  in  concrete  work.  An 
oi)en  metal  cylinder  is  employed  resting  upon  a  glass  plate.  This 
serves  as  a  mold  which  is  filled  with  concrete  and  smoothed  off 
level  on  top.  Then  the  cylinder  is  raised,  leaving  the  concrete  on 
the  glass  j)late.  If  the  mixture  is  very  dr}',  the  concrete  will  main- 
tain its  cylindrical  form,  but  the  wetter  the  concrete  the  more  it 
flows  out  at  the  bottom,  so  that  a  measure  of  the  consistency  of 
the  mixture  can  be  obtained  by  measuring  the  height  of  the 
cylinder  or  cone  of  concrete  after  the  metal  cylinder  has  been 
withdrawn. 


NOTES   FROM    NELA   RESEARCH    LABORATORY.* 


NOTE  ON  THE  DISTRIBUTION  OF  ENERGY  IN  THE  VISIBLE 
SPECTRUM  OF  A  CYLINDRICAL  ACETYLENE  FLAME. 

By  Edw.  P.  Hyde,  W.  E.  Forsythe  and  F.  E.  Cady. 

A  KNOWLEDGE  of  the  distribution  of  energy  in  the  visible 
spectrum  of  an  acetylene  flame  has  become  important  within  the 
last  few  years  through  the  use  of  this  flame,  in  cylindrical  form," 
in  investigations  of  the  visibility  of  radiation.  It  can  be  shown 
by  computation  that  the  data  on  acetylene  published  by  Coblentz 
form  a  curve  in  the  visible  spectrum  which  will  not  agree  with 
that  of  a  black  lx)dy  at  any  temperature  to  better  than  7  or  8  per 
cent.  As  this  would  mean  that  no  color-match  could  be  obtained 
and  as  previous  experience  of  the  authors  had  led  to  the  conclusion 
that  the  energy  curve  of  acetylene  differed  in  shape  from  that  of 
a  black  body  only  in  the  extreme  red,  a  short  investigation  was 
undertaken  to  verify  this  conclusion. 

Tungsten  lamps  whose  current  color-temperature  relation  was 
carefully  determined  in  this  laboratory  were  sent  to  the  Eastman 
Kodak  Company  and  to  the  Bureau  of  Standards  with  the  request 
that  they  be  compared  with  the  acetylene  flame  and  the  current 
for  color  match  be  found.  The  results  gave  an  average  value  of 
2360 '  K.  ±  10""  K.,  and  neither  laboratory  reported  any  difficulty 
in  obtaining  a  match  in  color.  However,  the  Bureau  of  Stand- 
ards reported  a  difference  amounting  to  about  ^5°  K.  between  the 
flame  as  given  by  the  Eastman  standard  burner  and  that  given  by 
the  "  Crescent  Aero  "  burner,  the  latter  being  higher. 

The  spectral  distribution  of  the  flame  was  measured  by  means 
of  a  spectrophotometer  and  a  spectral-pyrometer  and  the  results 
gave  a  curve  agreeing  within  the  limits  of  error  with  that  of  a 
black  body  at  2360°  K.  In  the  extreme  red,  beyond  0.70/*  there 
was  indication  of  a  higher  emissivity  for  the  acetylene.  A  pho- 
tographic method  gave  results  corroborating  those  just  mentioned. 

A  test  of  the  sensibility  of  the  color  match  method  to  show 
differences  in  the  spectral  energy  curve,  showed  that  if  two  spec- 
tral curves  matched  at  0.5/A  and  0.7/i.  and  differed  by  as  little  as 
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4  per  cent,  in  the  middle  of  the  spectrum,  the  two  Hght  sources 
could  not  be  made  to  match  in  color. 

In  conclusion,  it  is  recommended  that  the  relative  emission 
intensities  of  a  cylindrical  acetylene  flame,  at  least  for  that  type 
represented  specifically  by  the  Eastman  standard  burner  and  for 
the  wave-length  interval  from  0.4/A  to  0.7/^,  should  be  taken  as 
identical  with  those  of  a  black  body  at  2360°  K. 
Cleveland,  Ohio,  June,  1919. 


American  Peat  Industry.  Anon.  (U.  S.  Geological  Survey 
Press  Bulletin,  June,  1919.) — The  output  of  crude  peat  in  the  United 
States  in  1918  far  exceeded  that  of  any  preceding  year  and  the 
general  increase,  which  was  stimulated  by  the  war,  was  shared  by 
practically  all  branches  of  the  industry.  Though  extensively  used 
as  fuel  in  Europe  and  widely  known  in  the  United  States  as  a  poten- 
tial source  of  heat  and  power,  peat  has  been  unable  in  most  parts  of 
the  country  to  compete  with  coal  and  many  peat  operators  have 
therefore  directed  their  attention  to  the  utilization  of  peat  in  agri- 
culture with  gratifying  results. 

Use  of  Peat  in  Agriculture. — Peat  fertilizer  was  first  marketed 
in  commercial  quantities  in  1908,  and  stock-food  peat  in  1912,  and 
though  there  is  still  some  prejudice  against  the  use  of  these  prod- 
ucts the  agricultural  branch  of  the  peat  industry  has  been  suc- 
cessful and  the  quantity  of  fertilizer  and  stock-food  peat  annually 
produced  is  increasing.  Large  quantities  of  these  products  were 
made  in  1918,  but  the  most  striking  development  of  the  year  was  the 
production  of  more  peat  fuel  in  the  New  England  States  than  has 
been  manufactured  commercially  in  the  entire  United  States  in  all 
preceding  years.  Almost  equally  striking  was  the  widespread  inter- 
est manifested  in  our  peat  resources  which  had  heretofore  been  gen- 
erally regarded  as  of  doubtful  value. 

Large  quantities  of  peat  or  sphagnum  moss  were  produced  and 
utilized  in  this  country  in  1918  for  stable  litter,  packing  material, 
and  surgical  dressing,  and  several  hundred  thousand  acres  of  peat 
soils  were  used  for  the  growth  of  both  general  and  truck  crops. 
The  peat  litter  was  produced  by  the  owners  of  small  bogs  for 
their  own  use,  but  the  packing  material  was  sold  to  florists  for  $25 
a  ton.  According  to  J.  W.  Hotson,  of  the  American  Red  Cross, 
more  than  half  a  million  peat  moss  pads  were  prepared  in  this 
country  from  October,  191 7,  to  November  ii,  1918,  by  the  North- 
west and  Atlantic  divisions  of  that  organization.  Most  of  the  moss 
was  gathered  by  volunteer  labor  from  bogs  in  Washington,  Oregon, 
and  Maine,  and  the  ])ads  were  used  in  American  military  hospitals, 
both  at  home  and  abroad. 

The  quantity  of  crude  peat  produced  in  the  United  States  in 
1918  was  151,521  short  tons.  The  total  number  of  plants  at  which 
peat  was  commercially  produced  was  25. 


NOTES  FROM  THE  RESEARCH  LABORATORY, 
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X-RAY    CHEMICAL   ANALYSIS. 
By  A.  W.  Hull. 

The  method  of  X-ray  crystal  analysis  developed  in  the  Re- 
search Laboratory  of  the  General  Electric  Company  just  before 
the  war  is  being  further  developed,  as  a  method  of  chemical 
analysis,  which  promises  to  have  a  very  wide  and  new  field  of 
application  in  that  it  gives  evidence  which  other  methods  do  not 
supply,  namely,  the  form  of  chemical  combination  of  each  of 
the  elements  present. 

The  method  consists  in  reducing  the  substance  to  be  examined 
to  powder  form,  placing  it  in  a  small  glass  tube,  sending  a  beam 
of  monochromatic  X-rays  through  it,  and  photographing  the  dif- 
fraction pattern  produced.  The  only  apparatus  required  is  a 
source  of  voltage,  an  X-ray  tube,  and  a  photographic  plate  or  film. 
The  amount  of  material  necessary  for  a  determination  is  one  cubic 
millimeter.  The  method  is  applicable  to  all  chemical  elements  and 
compounds  in  so  far  as  they  are  crystalline  in  form. 

The  rays  from  the  X-ray  tube  pass  first  through  a  filter,  which 
absorbs  all  but  a  single  wave  length,  then  through  two  slits,  which 
confine  them  to  a  narrow  beam  (about  i  mm.  wide)  ;  then  through 
the  powdered  material,  which  scatters  or  "reflects"  a  very  small 
fraction  of  them ;  and  thence  to  the  centre  of  the  photographic 
film.  An  exposure  of  from  one  to  twenty  hours  is  required,  ac- 
cording to  the  amount  of  information  desired. 

When  the  film  is  developed  it  shows,  in  addition  to  the  over- 
exposed line  in  the  centre,  where  the  direct  beam  strikes,  a  series 
of  other  lines  on  each  side  of  the  centre.  These  lines  are  caused 
by  the  "reflections"  of  the  X-rays  from  the  tiny  crystals  in  the 
powder.  Their  distance  from  the  centre  of  the  film  depetids  on 
the  distance  between  the  planes  of  atoms  in  the  crystal,  and  there 
is  one  line  for  every  important  set  of  planes  in  the  crystal.  It  is 
evident,  therefore,  that  subsbtances  with  diiTerent  crystalline 
structures  will  give  entirely  different  patterns  of  lines.  Substances 
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of  similar  chemical  nature  and  therefore  similar  crystal  structure 
give  similar  patterns,  but  the  magnification  or  spread  of  the  pat- 
tern is  different  for  each  one,  being  inversely  proportional  to  the 
cube  root  of  the  molecular  volume.     Since  no  two  similar  sub- 
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stances  have  exactly  the  same  molecular  volume  it  is  easy  to  dis- 
tinguish them,  as  the  difference  is  cumulative  for  lines  far  from 
the  centre.  A  further  distinguishing  mark  is  the.  relative  intensity 
of  the  different  lines  which  differs  greatly  even  in  the  most  closely 
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related  compounds,  dei)ending  on  the  relative  shapes  and  sizes  of 
the  atoms  in  the  compound. 

A  knowledge  of  the  theory  of  the  production  of  these  lines,  and 
their  relation  to  the  crystalline  structure  of  the  substance,  is  not 
essential  to  their  use  for  chemical  analysis.  All  that  one  needs  to 
u.se  in  a  chemical'  analysis  is  the  fact  that  every  crystalline  sul>- 
stance  gives  a  pattern ;  that  the  same  substance  always  gives  the 
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same  pattern;  that  no  two  different  substances  give  the  same 
pattern;  and  that  in  a  mixture  of  substances  each  produces 
its  pattern  independently  of  the  others,  so  that  the  photograph  ob- 
tained with  a  mixture  is  the  super-imposed  sum  of  the  photographs 
that  would  be  obtained  by  exposing  each  of  the  components  sep- 
arately for  the  same  length  of  time.  This  law  applies  quanti- 
tatively to  the  intensities  of  the  lines,  as  well  as  to  their  positions, 
so  that  the  method  is  capable  of  development  as  a  quantitative 
analysis. 

As  illustrations  of  the  general  type  of  photographs  obtained 
with  simple  compounds  and  elements,  Fig.  i  shows  a  series  of 
isomorphic  alkali  halogens,  illustrating  their  similarity  of  pattern 
and  their  differences  in  spacing  and  intensity ;  and  Fig.  2  gives 
a  series  of  dissimilar  substances,  illustrating  their  different  types 
of  pattern. 

Several  actual  analyses  have  already  been  made  which  will  be 
descril^ed  in  detail  elsewhere.^  It  has  been  found  very  easy  to 
recognize  at  a  glance  each  component  in  a  three  component  mix- 
ture and  in  the  case  of  the  simpler  salts  many  more  than  this  could 
certainly  be  identified.  Accurate  quantitative  tests  have  not  yet 
been  made,  but  it  is  anticipated  that  an  accuracy  of  one  per  cent, 
will  be  easily  obtainable,  for  components  present  to  the  extent  of 
one  per  cent,  or  more  of  the  whole  sample. 


Waste  of  Chemicals  in  Pulping  Unbarked  Wood  by  the  Sul- 
phate Process.  Anon.  {Forest  Products  Laboratory,  Madison, 
Wisconsin,  Technical  Notes  No.  C-5.) — In  the  manufacture  of 
sulphate  and  mechanical  pulp,  all  bark  must  be  removed  from  the 
w-ood  before  chipping  or  grinding,  since  any  fragment  of  bark 
finding  its  way  into  the  pulp  makes  its  appearance  as  minute 
black  specks  in  the  finished  sheet.  For  soda  or  sulphate  pulp, 
the  cleaning  is  often  not  so  thorough,  since  the  alkaline  digestion 
tends  to  destroy  the  bark.  Some  mills  bark  the  wood  partly  or 
not  at  all  in  the  manufacture  of  sulphate  pulp. 

To  determine  the  amount  of  chemical  required  to  pulp  un- 
barked wood,  shipments  of  unbarked  shortleaf  yellow  pine  chips 
and  of  clear  bark  were  tested  by  the  Forest  Products  Laboratory 
of  the  U.  S.  Forest  Service,  at  Madison,  Wisconsin. 

A  determination  upon  a  lo-pound  sample  showed  that  the  un- 
barked chips  contained  approximately  96  per  cent,  wood  and  4  per 
cent,  bark,  on  a  bone  dry  basis.  Sulphate  pulping  trials  on  clear 
bark  showed  that  28.6  pounds  of  caustic  soda  and  10.6  pounds  of 
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sodium  sulphite  were  required  per  loo  pounds  of  bone  drj-  bark. 
A  yield  of  20.9  per  cent,  of  a  gelatinous,  brownish-black  mass, 
containing  pieces  of  unreduced  bark,  was  obtained.  This  ma- 
terial could  not  be  screened  or.  washed  because  it  clogged  the 
screen  openings.  Hand  sheets  made  of  it  gave  physical  indica- 
tions of  an  extremely  hydrated  stock,  the  finished  sheets  being 
hard  and  parchmentized. 

The  results  indicate  that  in  pulping  a  ton  of  wood  (bone  dry), 
consisting  of  96  per  cent,  wood  and  4  per  cent,  bark,  22.9  pounds 
of  caustic  soda  and  8.5  pounds  of  sodium  sulphite  are  needed  to 
reduce  the  bark.  The  pulp  produced  from  the  bark  is  useless  and, 
furthermore,  produces  a  variation  in  color  of  the  pulp,  which  makes 
it  difficult  to  mantain  a  uniform  shade  in  the  finished  paper. 

Experiments    With    Mixtures   of   Acetylene    and    Coal    Gas. 

Anon.  {London  Gas  Journal,  vol.  cxlv,  No.  2904,  p.  22,  January 
7,  1919.) — Satisfactory  results  are  said  to  have  attended  experiments 
which  have  been  made  in  Switzerland  with  mixtures  of  acetylene 
and  coal  gas ;  the  object  being  the  replacement  of  the  usual  mixture 
of  67  per  cent,  of  oil  gas  with  33  per  cent,  of  acetylene.  It  has  been 
found  that  a  mixture  of  coal  gas  and  acetylene  in  equal  proportions 
gives  the  same  illuminating  power  as  the  oil  gas  combination.  The 
experiments  have  further  shown  that  this  mixture  of  gases  may  be 
put  under  a  pressure  of  9  atmospheres,  and  heated  up  to  100°  C. 
without  danger. 

Gun  Powder  in  Machine  Shops.  Anon.  (DuPont  News  Ser- 
vice.)— A  somewhat  novel  idea  is  in  successful  operation  in  the 
machine  shops  of  the  Delaware  and  Hudson  Railroad  Company 
at  Watervliet,  N.  Y.  They  are  using  ordinary  black  sporting 
powder  to  save  the  time  of  mechanics  for  the  following  opera- 
tions: Blowing  nuts  and  bolts;  breaking  up  iron  and  steel  to  be 
scrapped ;  forcing  a  locomotive  piston  when  rust  or  corrosion 
binds  it ;  breaking  metal  that  has  become  cold  in  a  furnace. 

The  charge  of  powder  is  loaded  in  steel  guns  varying  in  size 
from  end  to  end  from  5  to  12  inches  with  other  dimensions  in  pro- 
portion, and  held  by  a  steel  plunger,  which  is  forced  out  when  the 
charge  is  set  ofT.  No  wad  is  used.  The  plunger  is  milled  to  a 
size  to  fit  the  bore  of  the  gun.  Some  of  the  gun-barrels  arc  milled 
in  the  shape  of  an  octagonal  prism,  instead  of  being  cylindrical, 
the  bore,  of  course,  in  all  cases  being  round.  The  gun  after  hav- 
ing been  loaded  is  jacked  up  with  the  mouth  within  about  one 
inch  of  the  object  to  be  struck  by  the  ])lunger  and  fired.  An 
average  of  one  ounce  of  powder  is  used  for  each  nut  or  bolt 
(sizes  in  common  use  on  locomotives)  that  is  to  be  broken  off  or 
loosened.  The  load,  of  course,  is  varied  with  the  work  to  be  done. 
By  the  use  of  these  guns,  it  is  claimed  much  time  and  labor  can 
be  saved  and  that  a  quick  blow  can  be  directed  at  an  object  that 
is  barely  reachable  otherwise. 
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CHEMICAL    ANALYSES    OF    LOGAN    BLACKBERRY    (LOGAN- 
BERRY)  JUICES.' 

By  R.  S.  Hollingshead. 
[abstract.] 

The  Bureau  of  Chemistry  recently  completed  an  investiga- 
tion, undertaken  to  establish  methods  for  the  detection  of  dilution 
common  in  commercial  products  made  from  the  Logan  blackberry, 
and  to  set  analytical  standards  for  them.  Logan  blackberry  juice 
has  become  very  popuplar  as  a  beverage,  and  the  berry  is  used  also 
in  making  jams,  jellies,  and  soda-fountain  sirups.  The  juice  is 
naturally  so  sour  that  when  it  is  to  be  used  as  a  beverage  it  must 
be  diluted,  from  2  to  3  parts  of  water  being  the  usual  proportion, 
and  sweetened  with  sugar,  about  i  part.  As  a  rule,  sirups  for  the 
soda-fountain  are  prepared  by  adding  sugar  to  the  undiluted  juices, 
in  the  proportion  of  from  about  i  part  of  juice  to  i  part  of  sagar 
to,  roughly,  3  parts  of  juice  to  i  of  sugar. 

Many  samples  of  the  pure  expressed  juice  and  of  the  commer- 
cial product  made  from  berries  grown  in  Washington  and  Oregon 
were  analyzed  by  the  Bureau  in  1916,  while  in  1917  a  large  number 
of  samples  made  from  California  berries  were  examined. 

The  juices  from  the  fruit  grown  in  Washington  and  Oregon 
were  found  to  differ  markedly  in  composition  from  those  which 
came  from  the  California  berries.  A  large  variation  was  also 
noted  in  the  composition  of  juices  from  fruit  grown  in  the  dif- 
ferent parts  of  these  States,  due  probably  to  the  difference  in  rain- 
fall. Apparently  California  juices  have  a  somewhat  higher  ash 
content  and  lower  acid  content  than  those  from  the  more  northern 
States. 

It  would  seem  impossible  to  determine  exactly  the  amount  of 
water  which  has  been  added  to  commercial  Logan  blackberry 
juices.  Its  presence  can,  however,  be  detected,  and  the  amount 
roughly  approximated.  The  following  table  gives  the  tentative 
limits  suggested  for  the  most  significant  determinations  on  Logan 
blackberr)'  products. 

*  Communicated  by  the  Chief  of  the  Bureau. 

'  Department  of  Agriculture  Bulletin  773,  issued  May  29,  1919. 
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Tentative  Limits  for  Logan  Blackberry  Juices. 


Xon-sugar  solids 

Ash 

Acids,  as  citric 

Source 

Max- 
imum 

Min- 
imum 

Max- 
imum 

Min- 
imum 

Max- 
imum 

Min- 
imum 

Washington  and  Oregon  .... 
California 

Per  cent. 
392 
3-74 

Per  cent. 
2.80 
3.06 

Per  cent. 

0.43 

.63 

Per  cent. 
0.25 

•43 

Per  cent. 
2.33 
1.96 

Per  cent. 
1.42 
1.06 

AN  AEROBIC,  SPORE-FORMING  BACILLUS  IN  CANNED 

SALMON/ 
By  Albert  C.  Hunter  and  Charles  Thorn. 

[abstract.] 

Bacteriological  examination  of  530  cans  of  salmon,  repre- 
senting 9  different  brands,  showed  237  unsterile  cans,  224  of 
which  contained  a  particular  organism  of  the  mesentericus  group, 
either  in  pure  culture  or  mixed  with  other  species.  Only  13  of  the 
cans  showed  active  spoilage. 

The  organism  is  an  obligate  aerobic  spore-former.  Gram  posi- 
tive, and  motile.  It  produces  a  dark-red  ring  about  a  centimeter 
l)elow  the  colony  in  carbohydrate  media  and  causes  rapid  decom- 
position in  fish. 

No  relation  exists  between  the  presence  of  bacteria  of  this  type 
and  the  quality  of  the  food  when  the  can  is  opened.  The  fish  in 
many  cans  containing  the  organisms  appeared  to  be  perfectly  fresh 
and  sound,  while  in  some  sterile  cans  the  fish  was  obviously 
decomposed. 

A  bacteriological  test  for  sterility  in  canned  fo(Kl  may  show 
viable  organisms  without  demonstrating  spoilage.  The  purpose 
of  canning  is  accomplished  if  the  food  is  preserved  but  the  finding 
of  viable  organisms  calls  for  close  scrutiny  both  of  the  material 
and  of  the  canning  method  used. 
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ZINC  IN  OYSTERS.' 
R.  S.  Hiltner  and  H.  J.  Wichmann. 

[abstract.! 


In  191 5  notable  amounts  of  zinc  in  oysters  were  found  almost 
simultaneously  in  two  of  the  lalx)ratories  of  the  Bureau  of  Chem- 
istry, each  working  independently  of  the  other  and  on  quite  dif- 

'/.  Jnd.  Eng.  Chem.,  Vol.  xi,  No.  7  (July,  1919). 
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ferent  problems.  The  Bureau,  therefore,  undertook  an  investiga- 
tion of  the  occurrence  of  zinc  and  also  of  copper  in  oysters  from 
\'arious  localities  on  the  Atlantic  seaboard.  The  relation  of  the 
zinc  content  of  the  ^vater  in  which  the  oysters  grew  to  that  of  the 
oysters, and  the  ratio  of  zinc  to  copper  in  oysters,  were  studied  also. 
The  results  of  this  investigation  indicated  that  zinc  is  univer- 
sally present  in  oysters,  at  least  in  those  grown  in  Atlantic  waters, ' 
and  that  it  is  probably  always  associated  with  copper.  It  was  also 
evident  that  no  direct  relation  exists  between  the  zinc  content  and 
the  body  weight  of  the  oysters,  no  uniformity  in  the  ratio  of  zinc 
to  copper,  and  no  correlation  between  the  zinc  content  of  the 
oysters  and  that  of  the  water  in  which  they  grow.  The  average 
zinc  content  of  60  samples  of  oysters  analyzed  was  found  to  be 
457  milligrams  per  kilogram,  the  values  ranging  from  26  to  1300. 
The  quantities  of  copper  found  in  29  samples  ran  from  12  to  362, 
with  an  average  of  80  milligrams  per  kilogram.  The  greater 
amounts  w^ere  found  in  water  contaminated  by  metallurgical  and 
factory  wastes.  Vegetation  and  organic  matter  dredged  up  with 
the  oysters  in  one  locality  contained  notable  quantities  of  zinc,  and 
in  some  instances  traces  of  copper. 


COMMERCIAL  PRESERVATION  OF  EGGS  BY  COLD  STORAGE.* 

By  M.  K.  Jenkins. 

[abstract.] 

Ax  extensive  investigation  on  the  preservation  of  eggs  by  cold 
storage  was  conducted  during  the  seasons  of  1914,  191 5,  and  1916. 
The  contents  of  841  cases  w^ere  examined  on  going  in  and  again  on 
coming  out  of  storage.  That  is,  approximately  26,000  eggs  were 
examined  individually,  each  egg  being  candled  twice.  Most  of 
the  eggs  used  in  the  observations  recorded  were  purchased  in  the 
Com  Belt  States  of  the  Middle  West,  and  were  shipped  east  in  re- 
frigerator cars,  being  from  3  to  7  days  en  route.  As  soon  as  re- 
ceived they  were  transferred  to  a  commission  house  equipped  with 
chill  rooms,  a  candling  and  a  breaking  room,  all  of  which  were 
refrigerated.  Here  numerous  observations  were  made  of  the  eggs 
before  being  stored  and  at  various  intervals  during  the  storage 
period. 

*  U.  S.  Department  of  Agriculture  Bulletin  775,  issued  June  3,  1919. 
Vol.  188,  No.  1 123— 10 
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Candling  proved  to  be  a  much  more  accurate  method  for  the 
selection  of  eggs  than  inspection  or  clicking. 

Freshly  laid  eggs,  with  clean  whole  shells  that  had  not  been 
wet,  showed  a  negligible  loss  in  bad  eggs,  even  after  they  had  been 
stored  10  or  11  months. 

The  rate  of  evaporation  of  moisture  from  eggs  was  remark- 
ably uniform  during  the  storage  period,  and  averaged  from  3  to  4 
ounces  per  case  per  month  in  the  storage  rooms  under  observa- 
tion. This  moisture  was  condensed  on  the  brine  pipes  and  ab- 
sorbed by  the  air,  the  case  and  the  fillers.  Most  of  the  absorption 
of  moisture  by  the  egg  packages  occurred  during  the  first  few 
months  in  storage.  A  gradual  rise  in  the  humidity  of  the  cold 
storage  room  was  noted  with  the  advance  of  the  season. 

Eggs  which  were  fresh  when  stored  showed,  after  being  held 
some  time,  an  increased  air  space,  and  often  a  tinge  of  yellow  in  the 
white.  Although  the  yolk  membrane  became  slightly  weakened, 
commercial  separation  into  white  and  yolk  usually  was  easily  ac- 
complished, even  after  eleven  months'  storage.  The  percentage 
of  ammoniacal  nitrogen  in  eggs  increased  during  storage,  the  rise 
being  greatest  during  the  early  part  of  the  storage  period. 

While  held  commercially  in  cold  storage  eggs  develop  a  char- 
acteristic "  cold  storage  "  taste,  which  usually  can  be  detected 
about  the  seventh  month  in  storage,  and  grows  stronger  the 
longer  the  eggs  are  held  thereafter.  This  flavor  probably  is  due 
to  the  absorption  of  the  odors  from  the  surroundings,  particularly 
the  strawboard  fillers  in  which  the  eggs  are  packed. 


Hydroelectric  Power  for  West  Coast  of  Africa.  Anon.  (Elec- 
trical Reviezv,  vol.  Ixxiv,  No.  24,  p.  981,  June  14,  1919.) — A  hydro- 
electric plant  is  being  built  by  the  Bauchi  Tin  Mines.  Northern 
Nigeria,  which  will  be  used  to  operate  the  tin  mines.  This 
hydroelectric  development  will  have  an  initial  capacity  of  1500 
horse  power,  which  will  be  transmitted  12  miles  to  the  mines.  The 
cost  of  the  installation  will  be  in  the  neighborhood  of  $400,000.  It 
is  estimated  that  the  cost  of  energy  will  be  about  1.2  cents  per 
kilowatt-hour  as  compared  to  5.2  cents  for  energy  generated  from 
coal  or  oil.  The  annual  saving  which  it  is  esliinatcd  will  result  from 
this  change  is  $195,000. 
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MOTOR  GASOLINE;   PROPERTIES,   LABORATORY    METHODS 
OF  TESTING,  AND  PRACTICAL  SPECIFICATIONS.' 

By  E,  W.  Dean. 

Gasoline  as  bought  on  the  market  may  be  the  product  of 
ordinary  refinery  distillation,  it  may  be  casing-head  gasoline 
blended  with  heavy  naphtha,  or  it  may  be  the  product  of  a  crack- 
ing process.  These  three  may  be  blended  with  each  other  in  vary- 
ing proportions.  The  volatility  desirable  depends  on  the  service 
required  and  on  the  vaporizing  power  of  the  engine.  In  general, 
there  should  be  enough  loco-boiling  constituents  to  permit  the 
ready  starting  of  a  cold  motor  and  not  enough  to  make  the  gasoline 
dangerous  and  subject  to  high  evaporation  losses.  Within  the 
capacity  of  the  engine  to  utilize  them  efficiently  the  heavier  and 
less  volatile  fractions  have  a  greater  horsepower  per  gallon.  Pro- 
posed specifications  for  gasoline  are  given,  analytical  methods  and 
equipment  used  in  connection  with  them  are  described. 


TRAPS  FOR  SAVING  GAS  AT  OIL  WELLS.' 
By  W.  R.  Hamilton. 

Ax  oil  well  that  does  not  produce  appreciable  quantities  of 
gas  along  with  the  oil,  especially  during  its  early  life,  is  an  excep- 
tion. When  wells  flow  freely  into  the  air  a  serious  loss  of  oil 
results.  The  loss  is  from  two  causes :  ( i )  The  sudden  release  of 
pressure  which  allows  the  gas  to  escape  and  carry  with  it  quantities 
of  oil  which  are  held  in  suspension ;  and (2) the  evaporation  caused 
by  the  spray  of  oil.  The  loss  from  evaporation  alone  in  a  wildly 
flowing  well  producing  oil  of  Gushing  grade,  will  probably  exceed 
25  per  cent,  during  the  time  of  expulsion.  This  does  not  cover 
losses  in  handling  and  storage.  The  gas  is  of  course  wasted.  Not 
only  do  the  so-called  dry  gases  escape,  but  they  carry  away  much 
of  the  lighter  oil  fractions  as  vapor,  so  that  the  escaping  gas  is 
often  highly  saturated  with  gasoline,  causing  a  heavy  loss. 

*  Communicated  by  the  Director. 
'Technical  Paper  No.  214. 
'  Technical  Paper  209. 
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Gasoline  traps  are  simple  in  construction.  The  mixture  of  oil 
and  gas  is  allowed  to  flow  through  a  chamber  large  enough  to 
reduce  the  velocity  of  the  mixture  to  the  point  where  the  oil  and 
gas  tend  to  separate.  The  gas  is  drawn  off  from  the  oil  at  the  top 
of  the  chamber.  The  oil  is  drawn  off  at  a  point  below  the  level 
of  the  liquid  so  that  the  escape  of  gas  through  the  discharge 
opening  is  prevented.  In  this  way  all  the  gas  is  saved  and  its 
gasoline  content  may  be  recovered  and  the  evaporation  of  the  oil 
is  prevented.  In  addition,  the  danger  of  the  well  catching  fire 
is  greatly  reduced.  Different  designs  of  traps  are  described,  some 
one  of  which  will  be  suited  to  the  conditions  existing  in  any  given 
well.  The  small  cost  of  a  trap  and  the  large  savings  which  result 
from  its  use  make  it  desirable  that  they  should  be  used  in  all  cases. 
It  would,  in  fact,  be  desirable  that  their  use  should  be  made  com- 
pulsory by  State  legislation. 


LIGNITE:     ITS  CHARACTERISTICS  AND   UTILIZATION.' 
By  S.  M.  Darling. 

One-third  of  the  known  coal  resources  of  the  United  States 
consists  of  lignite,  which  is  little  used  because  it  normally  contains 
35-30  per  cent,  of  water  as  mined,  but  loses  it  by  evaporation 
on  exposure,  with  the  result  that  it  crumbles  into  fine  pieces  during 
shipment.  The  freight  rate  on  the  contained  water  is  also  import- 
ant. As  a  result  2,000,000  tons  of  bituminous  coal,  hauled  on  the 
average  1000  miles,  is  shipped  annually  into  territory  tributary 
to  the  North  Dakota  lignites  that  could  he  supplied  with  lignite 
with  an  average  haul  of  400  miles;  saving  annually  the  travel  for 
600  miles  of  50,000  coal  cars  and  1200  engines  and  train  crews. 
The  same  general  condition  obtains  in  the  territory  tributary  to 
the  Texas  lignites.  Dried  lignite  may  be  used  on  automatic 
stokers,  pulverized  lignite  may  be  used  in  that  form,  dried  lignite 
briquettes  may  be  used  in  hand-fired  furnaces,  carbonized  lignite 
may  be  used  in  suction  power-gas  producers,  and  carlx)nized 
lignite  briquettes  may  be  used  for  industrial  heating.  Raw  lignite 
used  in  by-product  gas  producers  yields  60,000  to  70,000  cubic  feet 
of  gas  of  140  B.T.U.pcr  cubic  foot ;  70  to  80  pounds  of  sulphate  of 
ammonia,  and  some  tar,  of  undetermined  value.  The  experi- 
ments so  far  conducted  open  wide  economic  and  commercial  possi- 

'  Technical  Paper  178. 
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bilities.  and  it  is  believed  that  the  broader  and  more  thorough 
investigation  made  possible  by  the  recent  appropriation  of  $100,- 
000  for  investigation  by  the  Bureau  of  Mines  will  point  the  way 
to  the  establishment  of  carbonizing  and  l)riquette  plants  through- 
out the  lignite-bearing  regions  of  the  country.  The  present  yearly 
production  of  coal  amounts  to  0.017  per  cent,  of  the  known  minable 
coal  resources  of  the  country.  C.  P.  Steinmetz  is  authority  for 
the  statement  that  the  possible  hydro-electric  power  that  could  be 
developed  if  every  drop  of  water  in  the  whole  United  States  could 
be  used  would  not  supply  an  equal  amount  of  power.  It  is  evi- 
dent, therefore,  that  the  efficient  utilization  of  our  lignite  resources 
is  a  problem  of  the  first  magnitude. 

MINOR  NOTES. 

T.  X.  T. — An  investigation  of  the  hygroscopicity  of  T.  N.  T., 
recently  completed  at  the  Pittsburgh  Station  of  the  Bureau  of 
Mines,  shows  that  it  is  no  greater  than  that  of  an  empty  crucible 
or  one  filled  with  powdered  glass ;  that  the  moisture  absorbed 
in  a  saturated  atmosphere  is  merely  that  due  to  the  usual  moisture 
deposited  on  non-hygroscopic  substances  under  these  conditions. 
The  detailed  results  of  this  study  will  soon  be  published. 

Waste  Products  of  Kaolin. — It  has  been  found  by  the  Colum- 
bus Station  of  the  Bureau  that  the  waste  products  from  the  refin- 
ing of  kaolins  can  be  used  in  some  cases  for  the  making  of  high- 
grade  silica  fire-brick.  Where  the  brick  are  highly  colored  with 
iron,  a  2  per  cent,  solution  of  CaClg  is  used  and  the  chlorine  liber- 
ated removes  most  of  the  iron  by  volatilization.  Dolomite  brick 
were  successfully  made  by  mixing  12  per  cent,  coal  tar  with  dead- 
burned  dolomite,  pressing  at  1000  pound  per  square  inch  and 
burning  to  cone  20.  In  order  to  make  brick  more  resistant  to 
slaking,  dipping  in  dehydrated  tar  was  found  to  give  the  best 
results. 

Photometer. — The  construction  of  a  photometer  to  measure 
the  intensity  of  luminosity  of  dials  or  other  surfaces  covered  with 
radium  luminous  material  has  l:)een  completed  at  the  Golden, 
Colorado,  station. 

Geophone. — In  a  recent  test  with  the  geophone  at  coal  mines 
in  Pennsylvania,  pounding  with  a  sledge  in  the  rib  of  a  mine  was 
detected  through  a  cover  of  525  feet. 

Volatilisation  Plant. — The  new  volatilization  plant  at  the  Salt 
Lake  City  Station  of  the  Bureau  consists  of  a  rotary  kiln  with  a 
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capacity  of  300  pounds  ore  per  hour  and  a  Cottrell  precipitation 
plant  with  a  capacity  of  3000  cubic  feet  of  gas  per  minute.  The 
kiln  has  a  length  of  20  feet  and  is  heated  with  a  high-pressure 
burner, burning  gas  oil  of  25°  B., and  is  driven  by  an  electric  motor 
so  arranged  that  the  speed  of  rotation  may  be  varied.  The  Cot- 
trell precipitator  consists  of  two  units  of  twenty  6-inch  pipes  each. 
It  is  operated  by  a  Thoradson  5  KVa.  80,000-volt  precipitator 
transformer  and  a  Western  Precipitation  Company  rectifier.  The 
regulation  of  the  primary  voltage  of  the  transformer  is  obtained 
by  an  auto  transformer  and  a  theatre  dimmer. 

Mine  Fires. — At  the  mine  of  the  Princeton  Coal  Company, 
Indiana,  an  area  which  had  been  sealed  off  to  extinguish  a  fire 
was  recovered  with  the  cooperation  of  the  Bureau  engineers,  at 
the  end  of  April. 

Alaska  Power  Dei'elopment. — A  study  of  the  possibilities 
of  power  development  in  the  interior  of  Alaska  has  been  made  by 
the  Fairbanks  Station,  which  indicates  that  the  present  demand 
for  coal  for  domestic  heating,  steaming  purposes,  and  for  electric 
power  for  placer  and  lode  mining  and  domestic  use  would  justify 
the  erection  of  a  plant  to  utilize  the  Nenana  lignite.  A  car- 
bonization plant  would  furnish  the  solid  fuel  required  and  yield 
enough  gas  to  generate  part  of  the  power  required.  The  remain- 
der would  be  generated  by  a  steam  plant  burning  carbonized  or 
dead  lignite.  To  the  present  time  the  demand  for  fuel  has  been 
met  with  wood,  but  the  growing  scarcity  and  increasing  cost  of 
it  make  it  essential  that  some  other  form  of  power  supply  be  made 
available,  otherwise  the  mining  and  other  industries  of  the  region 
will  inevitably  suffer  a  progressive  decline. 

Silver  Chloride. — An  investigation  of  the  vapor  pressure  of 
silver  chloride  is  in  progress  at  the  Berkley  station  of  the  Bureau. 
The  method  is  not  yet  sufBciently  standardized  to  yield  thoroughly 
reliable  results,  but  the  work  so  far  indicates  that  the  vapor  pres- 
sure of  silver  chloride  is  less  than  5  mm.  at  1000°  C.  and  in  the 
vicinity  of  15  mm.  at  1150°  C.  It  is  therefore  much  less  volatile 
than  lead  chloride. 

Mine  Gases. — An  extensive  series  of  gas  samples  were  taken 
at  the  recent  fire  in  the  Argonaut  Mine.  California,  and  it  was 
found  that  the  systematic  analysis  of  gases  from  the  main  venti- 
lation shaft  served  as  a  reliable  index  of  conditions  in  the  fire  zone. 
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Rockwell,  W.  S.,  Company,  Bulletin  No.  39.    New  York,  N.  Y.,  1919.     (From 

the  Conipany.) 
Rose    Polytechnic    Institute,    Bulletin    1918-1919.      Terre    Haute,    Ind.,    1919- 

(From  the  Institute.) 
Schieren,  Charles  A.,   Company,  Catalog:    The  Story  of   Schieren  Beltings. 

New  York,  N.  Y.,  1919.     (From  the  Company.) 
Sheffield  Machine  and  Tool  Company,  Sheffield  Tools  and  Products.    Dayton, 

O.,  1919.     (From  the  Company.) 
S.  K.  F.  Ball  Bearing  Company,  Engineers'  Ball  Bearing  Handbook ;  and  book- 
let:    The  Present  Day  Application  of  Ball  Bearings.     Hartford,  Conn., 

1918.     (From  the  Company.) 
Smithsonian  Institution,  Annual  Report  of  the  U.  S.  National  Museum,  1918. 

Washington,  D.  C.     (From  the  Institution.) 
Springfield,   Mass.,    Board   of    Water   Commissioners,   Annual    Report,    1918. 

Springfield,  1919.     (From  the  Board.) 
Standard  Spiral  Pipe  Works,  Catalog  No.  7.     Chicago,  111.,  no  date.     (From 

the  Company.) 
Steere  Engineering  Company,  Bulletins  Nos.  34,  35  and  37.     Detroit,  Mich. 

(From  the  Company.) 
Sturtevant,  B.  F.,  Company,  Catalogs  Nos.  255  and  256.    Boston,  Mass.,  1919. 

(From  the  Company.) 
Tasmania  Department  of  Mines,  Geological  Survey,  Bulletin  No.  28.    Hobart, 

1918.  (From  the  Department.) 

Terry,  Edward  F.,  Manufacturing  Conipany,  Catalog  of  Derricks  and  Cranes. 
New  York,  N.  Y.,  no  date.     (From  the  Company.) 

Thermoid  Rubber  Company,  Booklet:  New  Principles  in  Tire  Making. 
Trenton,  N.  J.,  1918.    (From  the  Company.) 

Tinus  Olsen  Testing  Machine  Company,  Catalog  No.  10,  Part  A.  Philadel- 
phia, Pa.,  1919.     (From  the  Company.) 

Tokyo  Imperial  University,  Calendar,  1917-1918.  Tokyo,  Japan,  no  date. 
(From  the  University.) 

University  of  Denver,  Year  Book.    Denver,  Col.,  1919.  (From  the  University.) 

University  of  Florida,  Catalog,  1918-1919;  Announcements,  1919-1920.  Gaines- 
ville, Fla.,  1919.     (From  the  University.) 

University  of  Nevada,  Biennial  Report  of  the  Regents,  1917-1918.    Reno,  Nev., 

1919.  (From  the  University.) 

University  of  Rochester,  Annual  Catalog,  1918-1919.  Rochester,  N.  Y.,  1919. 

(From  the  University.) 
University  of  the  State  of  New  York,  Library  Report,  1917-     Albany,  N.  Y., 

1918.     (From  the  University.) 
Ursinus  College,  Bulletin,    1918-1919,   First  Quarter.     Collegcville,   Pa..   1919- 

(From  the  College.) 
Uruguay  Anuario  Estadistico,  Auo  1916,  Libro  xxvi.  Montevideo,  1918.    (From 

the  Director  General  de  Estadistica.) 
Washington  University,  Annual  Catalog,  1918.     St.  Louis,  Mo.,  1918.     (From 

the  University.) 
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\Vellnian-Seave'--Morgan  Company,  RuUotins,  Circulars  and  Catalogs  on  Hy- 
draulic Turbines,  Ore  and  Coal  Handling  Machinery,  and  Buckets.  Cleve- 
land. O..  no  date.     (From  the  Company.) 

Wheeler  Condenser  and  Engineering  Company,  Bulletin  No.  1 13.  Carteret, 
X.  J..  1919.    (From  the  Company.) 

Winfield  Electric  Welding  Company,  Catalog  of  Electric  Welding.  Warren, 
O..  191 7.     (From  the  Company.) 

Winter  Brothers  Company,  Catalog  No.  13.  Wrentham,  Mass.,  1918.  (From 
the  Company.) 

Yale  and  Towne  Manufacturing  Company,  Semi-Centennial  Souvenir.  New 
York,  X.  Y.,  1918.     (From  the  Company.) 


CORRESPONDENCE. 


Cable  Address  "Edison,  Neu'  York  " 

From  thk  L.\bor.\torv  of  Thomas  A.  Edison. 

Orange.  N.  J.  April  19,  1919. 
Mr.  R.  B.  Oziriis.  Secretary. 
The  Franklin  Institute, 
Philadelphia,  Penna. 

Dear  Sir  : 

I  thank  you  for  your  letter  of  April  17th,  and  wish  to  express  my  sincere 
appreciation  of  the  honour  conferred  upon  me  by  The  Franklin  Institute 
in  electing  me  an  Honorary  Member  of  the  Institute. 

Yours    very    truly, 
(Signed).  Thos.  A.  Edison. 
A/6969. 

War  Department 
Office  of  the  Chief  Signal  Officer 

Washington,  April  23,  1919. 
Major  R.  B.  Oivens, 

Secretary,  The  Franklin  Institute, 
Philadelphia,  Pa. 
Sir: 

I  have  the  honour  to  acknowledge  receipt  of  your  communication  of  April 
17,  1919,  informing  me  that  at  a  Stated  Meeting  of  the  Institute  held  on 
the  evening  of  Wednesday,  April  16,  1919,  I  was  unanimously  elected  an 
Honorary  Member  of  The  Franklin  Institute. 

I  beg  to  express  to  the  Institute,  through  you,  my  sincere  appreciation  of 
its  action;  in  thus  electing  me  an  Honorary  Member  of  the  oldest  scientific 
institution  in  America,  one  which  has  through  all  the  years  exerted  a  powerful 
influence   in  the  advancement  of  Science  and  the  Mechanic  Arts. 

Faithfully  yours, 
(Signed)  George  O.  Squier. 

Major  General 
Chief  Signal  Officer  of  the  Army. 
Vol.  188,  X'o.  11 23 — 11 
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WOLCOTT  GiBBS   MEMORIAL   LABORATORY,  HARVARD   UNIVERSITY. 

Cambridge,  Massachusetts,  U.  S.  A.,  April  24,  1919. 

Theodore  William  Richards,  Director. 

Dr.  R.  B.  Owens, 
Secretary, 

The  Franklin  Institute  of  Pennsylvania. 

Sir: 

Your  letter  of  April  17th  honours  me  very  greatly.  I  beg  that  you  will 
communicate  to  the  Members  of  the  Institute  my  heartfelt  appreciation  of  the 
high  distinction  conferred  upon  me  by  election  to  honorary  membership. 
It  is  an  especial  pleasure  and  satisfaction  that  the  eminent  men  of  my  native 
State  and  City  should  thus  welcome  me  to  their  fellowship ;  and  I  shall  always 
be  proud  indeed  to  have  my  name  entered  on  the  rolls  of  the  famous  Institute. 
I  l)eg  to  remain,  with  assurances  of  highest  regard 

Respectfully  yours. 
(Signed)  Theodore  W.  Richards. 


Henry  C.  Frick  Educational  Commission. 
1954  Perrysville  Avenue. 

John  A.  Brashear,  President. 

Pittsburgh,  Pa.,  May  16,  1919. 

My  Dear  Dr.  Owens. 

You  don't  know  how  proud  I  am  of  the  beautiful  diploma  of  Honorary 
Membership  of  The  Franklin  Institute.  There  are  eleven  diplomas  hanging 
on  the  walls  of  my  work  room  and  all  so  nice  and  fully  appreciated,  but  the 
Franklin  is  the  prettiest  of  all. 

Then  an  old  fellow  like  me  prizes  the  names  on  his  diplomas — especially 
if  they  happen  to  be  his  friends — and  all  the  names  are  friends  of  Uncle  John. 
I  confess  that  I  am  in  love  with  this  diploma  and  the  honor  you  have  conferred 
upon  me.  The  good  Lord  knows  the  element  of  self  conceit  has  never 
tainted  the  life  of  your  friend— but  when  I  unrolled  the  diploma — or  rather 
had  my  granddaughter  do  it  for  me,  I  felt  just  a  pardonable  pride  I  So  don't 
scold  me  for  this  little  weakness,  for  though  nearly  79,  I  am  not  in  my  dotage 
yet.  A  fellow  working  12  to  14  hours  a  day  trying  to  send  a  little  sunlight  out 
into  the  world  to  make  or  help  make  the  shadowed  pathways  of  his  fellow 
travellers  a  little  brighter  should  not  be  accused  of  dotage,  should  he? 

How  I  would  love  to  be  with  you  on  the  21st.  Sir  James  Dewar  has 
been  a  personal  friend  for  27  years  and  General  Squicr  a  man  for  whom  we- 
have  done  some  of  our  best  work.    I  fear  I  cannot  get  away. 

Thanking  you  dear  Dr.  Owens  and  all  your  colleagues,  I  am. 

Cordially  yours, 
(Signed)  John  A.  Brashear. 
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Prof.  Dr.  H.  K.vmerlixgh  Onnes. 

Leiden,  24  May,  1919. 

HUIZE  TER  WeTERING 

Haagweg. 
Sir: 

I  beg  to  express  niy  sincere  gratitude  for  the  honour  The  Franklin 
Institute  has  bestowed  on  me  by  electing  me  unanimously  as  an  Honorary 
Member.  The  appreciation  in  this  way  of  my  work  by  The  Franklin  Institute 
who  did  me  the  honour  to  award  one  of  the  first  Franklin  Medals  to  me, 
makes  a  deep  impression  on  me.  I  cannot  thank  The  Franklin  Institute 
enough  for  the  continued  encouragement  given  to  me,  but  I  can  assure 
The  Franklin  Institute  that  this  encouragement  is  of  the  greatest  value  for 
me  now  I  am  restarting  my  researches  which  have  suffered  very  much  from 
the  general  circumstances  as  well  as  from  a  long  illness. 

I  am  respectfully, 
(Signed)  H.  Kamerlingh  Onnes. 
Dr.  R.  B.  Owens,  Secretary  of  The  Franklin  Institute  of  the  State  of  Penn- 
sylvania, Philadelphia. 


31  Via  Garibaldi,  Gianicolo, 
R.  B.  Oivcns,  Esq.,  Rome,  May  30th,  1919. 

Secretary  of 

The  Franklin  Institute, 
Philadelphia,  Pa. 
Sir. 

Having  been  away  from  Italy  for  some  time  I  have  only  just  received 
your  letter  of  April  17  in  which  you  inform  me  that  at  a  Stated  Meeting  of 
the  Institute  held  on  April  16  of  this  year  I  was  elected  Honorary  Member. 

I  take  great  pleasure  in  accepting  this  Honorary  Membership  of  The 
Franklin  Institute,  and  shall  feel  obliged  if  you  will  convey  to  the  Governors 
of  the  Institute  my  deep  appreciation  of  the  honor  which  they  have  conferred 
upon  me. 

I  am. 

Respectfully, 

(Signed)  G.  Marconi. 


Haarlem,  June  8,  1919. 
Gentlemen  : 

Allow  me  to  express  my  most  hearty  thanks  for  the  honour  you  have  be- 
stowed upon  me  by  electing  me  an  honorary  member.  I  appreciate  very  much 
this  new  token  of  the  good  will  with  which  you  have  judged  my  work,  and  I 
consider  the  membership  of  your  celebrated  and  time-honoured  Institute  as 
one  of  the  very  best  rewards  that  can  be  given  to  a  scientific  man. 
With  high  regards,  I  have  the  honour  to  be,  gentlemen, 

Your  obedient  servant. 
To  the  Members  of  (Signed)    H.  A.  Lorentz. 

The  Franklin  Institute. 
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PUBLICATIONS  RECEIVED. 

The  Blind.  Their  Condition  and  the  Work  Being  Done  for  Them  in  the 
United  States,  by  Harry  Best,  Ph.D.  763  pages,  i2]no.  New  York.  The  Mac- 
millan  Company,  1919.    Price,  $4. 

L".  S.  War  Department,  Annual  Reports  igiS:  3  vols.,  illustrations,  plates, 
maps,  diagrams,  8vo.     Washington,  Government  Printing  Office,  1919. 

U.  S.  Bureau  of  Standards:  Circular  No.  76.  Aluminum  and  Its  Light 
Alloys.  120  pages,  illustrations,  8vo.  Washington,  Government  Printing 
Office.     Price,  20  cents. 

U.  S.  Coast  and  Geodetic  Survey:  Terrestrial  Magnetism.  Results  of 
Magnetic  Observations  Made  by  the  United  States  Coast  and  Geodetic  Survey 
in  1918,  by  Daniel  L.  Hazard,  Chief,  Division  of  Terrestrial  Magnetism.  ;i2 
pages,  8vo.     Washington,  Government  Printing  Office,  1919. 


A  Proposed  "  Poison-Gas." — The  signing  of  the  armistice 
brought  suddenly  to  a  close  several;  terrible  methods  of  ol^ense  that 
were  just  about  ready  to  be  employed  by  the  allied  and  associated 
powers.  These  methods  have  been  more  or  less  made  known  to 
the  public,  and  among  them  is  an  asphyxiating  gas  which  promised 
to  be  a  valuable  one  for  war  ptirposes,  and  for  which  American 
chemists  had  just  about  succeeded  in  perfecting  the  procedure  for 
mass  manufacture  when  hostilities  were  stispended.  The  account 
of  the  method  of  manufacture  was  given  a  short  time  ago  in  the 
Journal  of  Industrial  and  Engineering  Chemistry.  The  substance  is 
methyldichlorarsin,  CHgAsCb,.  The  process  of  manufacture  is 
quite  elaborate,  and,  as  far  as  the  experiments  went,  the  cost  of 
the  pure  product  was  about  $2.50  per  pound.  The  operation  did  not 
reach  the  extended  development  that  was  attained  by  nuistard  gas 
or  jihosgene,  but  was  still  within  what  was  termed  the  "  Small-scale 
Manufacturing  Section  of  the  C.  W.  S.."  when  Messrs.  Uhlinger. 
Clapp  and  Cook,  who  ftu'nish  the  accottnt  from  which  this  note  is 
(juoted,  were  released  from  duty  in  the  matter. 

'Jlie  properties  of  the  substance  are  not  given,  but  from  its  close 
relation  to  the  kakodyl  series  it  is  not  difficult  to  guess  at  its  general 
nature  as  an  asi)hyxiator.  H.  L. 

Coal  Production  in  Germany.  .Anon.  {Power,  vol.  xlix.  No. 
25,  p.  998,  June  24,  1919.) — Ihe  CJerman  War  Commissary  states 
that  Germany's  coal  production  is  decreasing  in  all  districts,  because 
the  pay  is  no  longer  based  on  the  work  done  but  has  a  mininuim  of 
16  to  18  marks  ($3.81  to  $4.28.  at  normal  exchange)  per  day.  The 
present  coal  production  in  the  Ruhr  district  is  9000  to  10,000  tons 
per  day,  compared  with  34,000  tons  in  peace  times  and  24.000  tons 
during  the  war.  In  ui)per  Silesia  the  daily  outjnit  has  been  reduced 
to  2000  carloads.  comj)are(l  with  14,000  in  ])L'ace  times  and  11.000 
dm^inL'  the  war. 


CURRENT  TOPICS. 


Mapping  from  the  Air.  Anon.  {U.  S.  Geological  Survey  Press 
Bulletin,  Xo.  410.  June,  1919.) — Requests  made  to  the  United 
States  Geological  Survey,  Department  of  the  Interior,  for  infor- 
mation concerning  the  possibilities  of  photographic  surveying 
from  airplanes  or  other  aircraft  have  recently  become  so  numerous 
that  it  is  deemed  necessary  to  issue  a  statement  on  this  subject. 
For  two  years  the  United  States  Geological  Survey,  which  pre- 
pares and  publishes  more  maps  than  any  other  organization  in 
the  world,  has  devoted  much  time  and  labor  to  the  study  of  prob- 
lems to  be  solved  in  photo-aerial  surveying.  The  camera  has 
long  been  used  in  surveys  on  the  ground,  and  the  Geological 
Survey  has  been  making  studies  to  determine  the  best  methods 
of  using  it  in  aerial  work.  Before  the  w^ar  the  panoramic  camera 
was  employed  by  the  Geological  Survey  for  mapping  in  Alaska, 
and  it  has  been  widely  used  for  photographic  surveying  in  Canada 
and  in  Europe.  Aerial  photographic  surveying  involves  no  new 
principles,  yet  it  differs  essentially  from  photographic  surveying 
on  the  ground,  for  the  line  of  view  from  a  camera  in  a  balloon  or 
an  airplane  is  vertical,  not  horizontal.  A  complete  statement  of 
the  Geological  Survey's  investigations  in  photographic  mapping 
from  the  air  will  later  be  prepared  for  publication. 

The  principal  object  in  an  aerial  survey  is  to  obtain  on  a 
horizontal  plate  or  film  a  picture  of  the  area  below  the  camera.  If 
the  area  is  itself  a  plane  the  picture  of  it  taken  from  an  airplane 
on  such  a  plate  is  a  true  map,  but  no  apparatus  has  yet  been 
devised  that  will  maintain  the  plate  in  a  truly  horizontal  position 
when  the  airplane  is  in  motion  ;  and  as  the  earth's  surface  is  almost 
nowhere  plane  the  photograph  must  be  corrected  to  obtain'a  map 
free  from  distortion.  The  nearest  approach  to  an  aerial  map  so 
far  made  is  the  so-called  "  mosaic  map,"  which  is  really  not  a 
map  at  all  but  merely  a  patchwork  of  photographs.  The  pic- 
tures composing  such  a  mosaic  show  distortions,  due  partly  to 
the  deviation  of  the  plate  from  the  horizontal  position  and  partly 
to  relief  in  the  surface  photographed,  and  these  distortions  render 
the  picture  useless  for  accurate  map  construction.  Distorted 
photographs  of  an  area  that  has  been  previously  mapped  can  be 
laid  down  over  a  network  of  points  whose  positions  are  known, 
and  by  distributing  the  errors  due  to  distortion  a  mosaic  may  be 
constructed  that  will  present  a  good  appearance.  For  correcting 
and  revising  older  maps  by  the  addition  of  culture,  timber  areas, 
new  roads,  and  similar  features,  such  mosaics  have  a  distinct 
value,  but  they  are  worth  little  as  material  for  use  in  construct- 
ing new  maps. 
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It  may  be  said  that  photographic  mapping  from  aircraft  is 
entirely  practicable  but  that  it  has  not  yet  been  brought  to  the 
point  where  it  can  supersede  ground  surveying.  The  science  of 
cartography  will  no  doubt  be  greatly  advanced  when  the  aerial 
method  is  perfected,  but  fundamental  problems  remain  to  be 
solved,  and  this  fact  should  be  recognized  and  all  possible  energy 
should  be  devoted  to  the  solution  of  those  problems.  It  is  hoped 
that  solutions  of  the  essential  problems  in  photo-aerial  surveying 
will  soon  be  obtained,  and  that  this  method  will  be  put  to  prac- 
tical use  in  map-making. 

New  Chemical  Journals  and  a  New  Method  in  Chemical 
Journalism.  H.  Leffmann.  {The  Catalyst,  vol.  iv,  No.  5,  May, 
1919.) — Early  in  the  year  1918  the  Swiss  Chemical  Society  decided 
to  begin  the  issue  of  a  journal  to  appear  from  six  to  eight  times 
a  year,  and  contain  brief  notes  and  formal  memoirs  in  the  three 
languages  (French,  Italian  and  German)  used  in  the  country.  By 
this  means  the  Society  hopes  to  give  to  the  world  a  synopsis  of 
the  labors  of  Swiss  chemists.  The  preface  of  the  first  number  is 
dated  at  Geneva,  April  25,  1918.  The  rivalry  of  the  three  lan- 
guages, of  course,  increased  in  bitterness  by  the  events  of  the  last 
four  years,  has  been  deftly  avoided  by  the  founders  of  the  journal 
by  putting  the  title  in  Latin,  Helvetica  Chemica  Acta.  The  first 
number  is  standard  octavo  size,  containing  ninety-five  pages  of 
original  matter,  well  printed  on  good  paper.  The  prospectus  is 
given  in  the  three  languages,  but  the  preface  is  in  French.  Of 
the  seven  contributions,  four  are  in  German  and  three  in  French. 
They  cover  both  pure  and  applied  chemistry.  Among  the  latter 
is  a  notable  one  on  the  occurrence  of  hydrogen  selenid  in  rain- 
water and  melted  snow.  Several  issues  have  appeared,  and  the 
amount  and  quality  of  the  contents  have  maintained  the  standard 
of  the  initial  number. 

The  other  newcomer  is  from  France.  It  is  the  official  journal 
of  the  newly-formed  French  society  of  industrial  chemistry.  The 
first  number  of  the  journal  (Chimie  et  Industrie)  is  dated  June  i, 
1918,  and  it  has  been  continued  since  as  a  monthly.  It  contains 
about  one  hundred  pages  well  printed  on  good  paper  of  about  the 
area  of  the  J.  I.  E.  C.  The  matter  of  the  journal  is  of  very  good 
quality,  and  covers  the  usual  variety  of  original  papers  and  ab- 
stracts of  current  literature,  but  a  special  feature  deserves  some 
notice.  Each  number  contains  a  section  on  "  Economic  Organ- 
ization," in  which  questions  of  education,  teaching,  professional 
api)rcnticeship,  industrial  hygiene,  protection  of  childhood,  anti- 
alcoholic  and  antituberculosis  crusades  can  be  treated  with  a 
breadth  of  view  and  interest  that  they  deserve.  This  indicates 
a  broader  scope  than  is  usual  in  chemical  journals,  and  affords 
an  inkling  of  the  deep  impression  that  socialism  has  made  upon 
the  educated  classes  of  France,  especially  in  professional  circles. 
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Science  and  Industry.  {Machl)icry,  London,  vol.  xiv,  No.  350, 
J).  32 1,  June  12.  ii)U). ) — A  new  viewpoint  manifests  itself  in  the 
interminable  controversy  upon  the  application  of  science  to  industry, 
with  which  is  bound  up  the  place  that  theoretical  training  must 
take  in  engineering  education.  The  whole  history  of  the  conflict 
of  opinion  among  educationalists  and  industrialists  is  that  the  former 
has  continually  and  dogmatically  laid  it  down  that  the  practical 
man  in  the  past  has  had  little  understanding  of  the  value  of  science 
and  has  therefore  failed  to  appreciate  the  place  which  it  should  play 
in  industrial  life.  Generally  speaking,  the  so-called  practical  man  has 
accepted  the  doctrine  that  science  and  theoretical  training  must  take 
a  more  prominent  place,  and  he  has  left  it  largely  to  the  educationalist 
to  define  that  place.  A  change,  however,  appears  to  be  coming  over 
the  attitude  of  tlie  practical,  or,  shall  we  say,  the  business  man,  in  this 
respect.  The  point  of  view  is  that  whilst  professors  and  teachers  wish 
the  industrial  employer  to  have  a  greater  faith  in  science,  have  they 
themselves  as  much  enthusiasm  and  faith — and,  be  it  added,  knowl- 
edge of  practical  conditions — in  industry?  In  other  words,  have  the 
teachers  the  practical  knowledge  which  enables  them  to  teach  science 
in  such  a  way  that  it  can  be  applied  to  the  best  advantage  in  industry  ? 
Hitherto  our  universities  and  technical  colleges  have  placed  rather 
too  narrow  a  limit  tipon  the  meaning  of  science ;  there  is  something 
more  than  a  science  of  things  which  needs  to  be  taught  those  who  are 
to  take  the  leading  places  in  industry,  and  it  has  been  well  pointed  out 
that  there  are  such  things  as  the  science  of  management — the  appli- 
cation of  psychology  in  management — the  training  of  stafif  and  the 
direction  of  salesmanship  to  which  at  present  our  universities  and 
colleges  are  paying  very  little  attention.  We  believe  that  the  only 
organized  effort  of  this  nature  is  being  made  at  the  Manchester  Uni- 
versity, but  this  aspect  of  the  application  of  science  in  education  and 
in  industry  must  play  a  larger  part  in  the  minds  of  those  from  whom 
we  are  expected  to  take  the  law  as  regards  education.  That  can  only 
come  about  through  the  medium  of  a  greater  practical  knowledge  on 
the  part  of  the  teachers.  This,  perhaps,  raises  important  questions 
as  to  whether  the  remuneration  ofifered  to  those  who  are  expected 
to  teach  our  young  men  is  suf^cient  to  attract  the  right  kind  of  men. 
Anyway,  experience  has  shown  that  the  average  man  engaged  in 
industry  has  not  the  time,  and  often  not  the  ability,  to  undertake 
teaching.  Therefore  we  shall  have  to  continue  to  rely  mainly  upon 
theoretically  trained  men  for  the  purpose,  but  steps  must  be  taken 
to  keep  such  men  in  close  contact  with  the  needs  of  industry  before 
we  can  expect  our  university  and  college  curricula  to  fit  those  needs. 
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Moving  Pictures  in  Science.  {Engineering  Nci^'s-Record,  vol. 
Ixxxii,  No.  26,  p.  1239,  June  26,  1919.) — Motion-picture  houses  for 
sonoe  time  have  been  showing  pictures  of  what  they  call  the  "  analysis 
of  motion,"  in  which  well-known  actions,  such  as  figure  skating, 
sprinting  and  baseball  pitching,  are  reproduced  on  the  screen  at 
one-eighth  the  actual  speed  of  the  performer.  Every  element  of 
motion  in  these  pictures  stands  out  with  snapshot  clearness.  Grace 
hitherto  unsuspected  is  revealed,  and  the  methods  by  which  results 
are  achieved  are  understood  as  never  before.  This  latter  phase 
has  decidedly  an  engineering  application  in  the  development  of  motion 
study  and  its  consequent  readjustment  of  production  methods.  No 
false  or  unnecessary  movement  can  escape  detection,  but  at  the 
same  time  the  sense  of  motion,  lacking  in  a  series  of  snapshots,  is 
always  present.  An  analogy  may  be  found  in  the  system  used  by 
Nathan  C.  Johnson  in  studying  the  setting  of  concrete.  While 
the  popular  motion  picture  film  slows  down  normally  fast  processes, 
Mr.  Johnson's  automatic  camera  speeds  up  the  normally  slow,  so  that 
one  can,  for  instance,  observe  in  a  few  minutes  the  physical  and 
chemical  phenomena  of  many  days.  Motion  pictures  have  already 
had  a  marked  influence  on  social  conditions ;  may  they  not  have  a 
bright  future  in  science  ? 
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I.   INTRODUCTION, 

The  first  mention  of  the  use  of  electricity  in  the  purification 
of  sewage  is  contained  in  an  English  patent,  No.  1499,  issued 
to  J.  Chisholm  in  1856,  for  a  process  of  disinfecting  and  deodoriz- 
ing by  electric  or  galvanic  agency  noxious  or  infected  matters, 
such  as  occur  in  cesspools  or  sewers.  No  successful  application 
seems  to  have  been  made  of  this  process  or  of  a  number  of  other 
similar  processes  patented  between  the  years  1870  and  1886. 

Among  the  best  known  of  the  electrical  processes  is  that 
invented  by  Webster,  and  installed  experimentally  at  Crossness, 
England,  in  1889,  to  treat  London  sewage.  In  this  process  the 
raw  sewage  flowed,  in  contact  with  iron  electrodes,  through  long 

*  Communicated  by  the  Author. 

t  This  paper  embodies  the  results  of  an  investigation  of  the  Landreth 
Direct  Oxidation  Process  by  the  Committee  of  Science  and  the  Arts  of  The 
Franklin  Institute. 

[Note. — The  Franklin  Institute  is  not  responsible  for  the  statements  and  opinions  advanced 
fay  contributors  to  the  Journal.] 
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troughs,  each  section  of  which  was  made  of  two,  four  or  more 
longitudinal  parts  bolted  together  but  insulated  from  each  other. 
In  the  electrolysis  cell  a  current  density  of  0.9  ampere  maintained 
by  an  electromotive  force  of  about  2  volts  was  employed.  For  the 
treatment  of  raw  sewage  it  was  estimated  that  240  pounds  of 
iron  and  450  kilowatt  hours  of  electrical  energy  would  be  con- 
sumed per  million  gallons.  In  this  process  most  of  the  nascent 
oxygen  liberated  at  the  anode  was  consumed  in  oxidizing  the  iron 
of  the  electrode,  and  the  oxide  thus  formed  acted  as  a  precipitating 
agent  on  the  sludge  of  the  sewage.  The  process,  therefore,  was 
mainly  one  of  chemical  precipitation  by  means  of  the  oxide  of  iron 
formed  by  the  action  of  the  electric  current. 

Plants  operating  along  the  general  lines  of  the  Webster  process 
are  in  use  in  Santa  Monica,  California,  and  in  Oklahoma  City, 
Oklahoma.  While  no  careful  studies  have  been  reported  from 
either  of  these  plants,  it  is  understood  that,  for  a  time  at  least, 
both  gave  satisfactory  results  so  far  as  purification  was  concerned. 

To  a  second  type  of  so-called  electrical  process  for  the  purifi- 
cation of  sewage  belong  those  in  which  nascent  chlorine,  liberated 
by  the  electrolysis  of  a  chloride,  acts  as  a  disinfectant.  A  process 
of  this  kind  was  first  developed  by  E.  Hermite,  in  1887.  The 
sewage  was  mixed  with  chlorides  of  magnesium,  calcium  or 
sodium,  and  the  liquid  thus  charged  was  passed  in  thin  sheets 
or  streams  between  electrodes.  In  a  similar  process  invented  by 
A.  E.  Wolff,  a  strong  brine  solution  was  electrolyzed,  and  the 
resulting  chlorine  and  caustic  soda  were  allowed  to  recombine 
in  the  form  of  sodium  hypochlorite,  the  solution  of  this  latter 
substance  being  used  for  purifying  the  sewage.  In  1893,  the 
sewage  of  about  thirty  dwellings  at  Brewster,  N.  Y,,  was  treated 
by  the  addition  of  hypochlorite  solution  made  in  this  way,  under 
the  direction  of  the  Health  Department  of  New  York  City.^  For 
every  million  gallons  of  sewage  treated,  1600  pounds  of  salt  were 
used,  and  the  plant  required  an  electric  current  of  700  amperes 
at  5  volts.  "  This  seems  to  have  been  the  first  plant  established 
for  the  specific  purpose  of  destroying  bacteria.  Before  that  time 
the  removal  of  organic  matter  had  been  the  aim."  - 

Extensive  investigation  has  shown  that  electrical  treatment  of 
.sewage  is  capable  of  practical  use.  but  that  the  precipitants  and 
disinfectants  prepared  by  electrolysis  will  have  the  same  efficiency 

^  Eng.  News.  30,41  (1S93). 

'  Water  Supply  Paper  No.  229,  p.  27,  U.  S.  Geol.  Survey. 
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aiid  no  greater  efficiency  as  when  manufactured  outside.  As 
Kennicut,  W'inslow  and  Pratt  point  out/^  "  the  important  ques- 
tion is  whether  electrolysis  in  the  presence  of  the  sewage  is  or  is 
not  the  most  economical  method  of  preparing  and  applying  such 
precipitants  and  disinfectants  as  are  needed.  If  the  problem  is 
regarded  from  this  practical  standpoint  and  without  vague  mysti- 
cal conceptions  of  the  purifying  agency  of  electrical  energy  as 
such  (which  are  apt  to  cloud  the  matter  in  the  lay  mind),  a  sound 
conclusion  may  be  reached  in  any  given  case  by  a  careful  con- 
sideration of  operating  costs;  and  this  conclusion  will  not  gener- 
ally be  in  favor  of  electric  treatment." 

The  failure  of  sedimentation  to  clarify  sewage  thoroughly  led 
to  the  introduction  in  England,  about  i860,  of  a  method  known 
as  the  chemical  precipitation  of  sewage.  This  consists  in  adding 
to  the  sewage  certain  chemical  compounds  which  produce  a  volu- 
minous fiocculent  precipitate  which,  when  the  sewage  thus  treated 
is  allowed  to  remain  quiescent  in  a  large  tank  for  some  time, 
settles  to  the  bottom  of  the  tank,  carrying  down  with  it  the  sus- 
pended solids  of  the  sewage,  leaving  a  clear  supernatant  liquid. 
The  chemical  compound  first  employed  for  this  purpose  was  lime, 
which  was  added  to  the  sewage  in  the  form  of  milk  of  lime.  The 
action  of  lime  depends  upon  its  combining  with  the  carbonic  acid 
and  soluble  carbonates  in  the  sewage  to  form  insoluble  calcium 
carbonate,  which  in  settling  out  carries  down  with  it  the  sus- 
pended solids.  The  quantity  of  lime  which  it  is  necessary  to 
employ  depends  upon  the  character  of  the  sewage,  an  acid  sewage 
requiring  more  than  one  which  is  neutral  or  alkaline.  If  too  little 
lime  is  added  to  the  sewage,  sedimentation  takes  place  slowly  and 
it  is  impossible  to  obtain  a  clear  effluent;  on  the  other  hand,  with 
the  addition  of  too  much  lime,  varying  quantities  of  the  suspended 
organic  matter  in  the  sewage  are  rendered  soluble,  thus  causing 
the  effluent  to  be  more  putrescent  and  obnoxious  than  that  from 
ordinary  sedimentation. 

In  the  Landreth  Direct  Oxidation  Process  for  the  treatment 
of  sewage,  both  electricity  and  lime  are  employed.  The  efficacy 
of  the  process,  as  will  be  seen  later,  depends  upon  the  combination 
of  these  agents,  neither  electricity  nor  lime  alone  producing  such 
good  results.  The  electric  current  liberates  at  the  electrodes 
oxygen  and  hydrogen  which  in  the  nascent  state  are  claimed  to 

•  Kennicut.  L.  P.,  Winslow,  C  E.  A.,  and  Pratt,  R.  W. :  "  Sewage  Dis- 
posal," 1919.    John  Wiley  &  Sons,  New  York. 
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promote  the  destruction  of  pathogenic  bacteria,  and  a  reduction 
of  the  nitrogenous  organic  matter  to  albuminoids,  peptones  and 
amino  compounds,  which  are  subsequently  oxidized  to  nitrites, 
nitrates  and  carbon  dioxide.  The  presence  of  lime  furnishes 
not  only  an  alkaline  medium  which  lowers  the  electrical  resistance 
of  the  sewage  and  renders  the  electrodes  passive,  thus  very  greatly 

Fig.  I. 


decreasing  the  quantity  of  iron  which  passes  niLo  solution  from 
the  anode,  but  it  also  aids  in  sedimentation.  The  process  differs 
from  others  that  employ  electricity,  in  that  purification  is  effected 
neither  by  the  action  of  dissolved  iron  as  a  coagulant,  nor  pri- 
marily by  the  disinfecting  action  of  nascent  chlorine  produced 
by  electrolysis. 

The  Landreth  process  has  been  extensively  studied  at  the 
750,000  gallon  imit  installed  at  Elmhurst,  Long  Island,  in  191 5, 
by  Messrs.  Mason,  Olsen  and  Mailloux,  and  by  the  Bureau 
of  Sewer  Plan  of  New  York  City;  and  later  at  Decatur,  Illinois. 
Since  then  the  process  has  been  somewhat  altered,  and  in  the 
Spring  of  1918  a  plant  with  a  million  gallon  unit  embodying  the 
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inventor's  improvements  was  erected  at  Easton,  Penna.,  by  Mr. 
Landreth  for  demonstration  purposes. 


Fig.  2. 


n,  DESCRIPTION   OF  PROCESS   AND  PLANT. 

The  plant  at  Easton  occupies  a  corner  site,  at  Front  and  Spring 
Garden  Streets,  adjoining  one  of  the  city  recreation  parks,  and 
is  only  two  squares  distant  from  the  business  centre  of  the  city. 
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Its  location  in  the  heart  of  the  residential  district  and  the  entire 
absence  of  complaints  and  unfavorable  comments  indicate  that  the 
plant  is  not  considered  a  nuisance,  and  that  the  nearby  residents 
are  not  annoyed  by  odors  or  other  objectionable  features.  The 
plant  consists  of  a  one-story  frame  building,  48  feet  long  and 
33  feet  wide  (Fig.  i),  the  interior  construction  of  which  is 
illustrated  by  the  plan  shown  in  Fig.  2. 

Sewage  is  obtained  from  the  Front  Street  sewer,  an  18-inch 
concrete  dam  having  been  placed  below  the  lateral  which  delivers 
it  to  the  plant.  The  area  drained  by  this  sewer  is  104  acres  and 
includes  two  hotels  and  one  brewery.  The  approximate  estmiate 
of  the  population  tributary  to  the  sewer  is  7000. 

On  entering  the  plant  the  sewage  passes  through  a  coarse 
screen  3'6"  x  4',  framed  with  bars  0.25"  thick  and  1.5"  deep, 
placed  1.5"  apart  from  centre  to  centre,  and  is  elevated  by  means 
of  a  6"  submerged  centrifugal  pump  to  the  raw  sewage  flume, 
from  where  it  flows  throughout  the  plant  by  gravity.  The  raw 
sewage  flume  distributes  the  sewage  over  a  flat  inclined  screen, 
6'6''  X  8',  having  six  0.25"  perforated  holes  to  the  square  inch. 
These  perforations  are  made  so  that  the  smooth  surface  is 
upwards.  The  material  caught  by  this  screen  is  removed  con- 
tinuously by  five  brushes  60''  in  length  arranged  on  a  traveler. 
The  sewage  passes  through  this  screen  to  a  grit  chamber  and 
then  on  to  a  3-foot  measuring  weir,  the  crest  of  which  is  of  steel. 
The  gauge  for  measuring  the  flow  is  placed  four  feet  back  from 
the  crest  of  the  weir,  the  zero  of  the  gauge  corresponding  to  the 
elevation  of  the  weir  crest.  The  discharge  has  been  calculated  by 
the  Bazin  formula  which  gave  results  proportional  to  the  depth 
of  the  discharge  over  the  weir.  After  being  mixed  with  milk  of 
lime  at  the  spillway  of  the  weir,  the  sewage  passes  through  the 
electrolytic  apparatus  and  enters  the  observation  flume,  from 
which  it  can  be  either  passed  through  a  sedimentation  basin  or 
discharged  directly  into  the  river. 

The  solid  material  obtained  from  the  bar-screen  which  pro- 
tects the  centrifugal  pump  consists  largely  of  paper  and  labels 
from  the  bottling  house  of  a  nearby  brewery  and  amounts  on  an 
average  to  about  20  pounds  per  million  gallons.  Above  the  grit 
chamber  the  flat  screen  collects  from  two  to  three  pails,  each  of 
three  gallons,  per  24  hours.  The  greatest  part  of  these  screenings 
consists  of  grain  and  hops  from  the  brewery  and  vegetables  from 
the  hotel  kitchens,  very  little  faecal  matter  being  found. 
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The  electrolytic  apparatus  (Fig.  3  and  Fig.  3a)  consists  of  a 
horizontal  cypress  box,  ^f}^"  long,  3'  wide  and  2' of'  deep,  mounted 
on  supports  18"  above  the  floor.  The  top  of  the  apparatus,  which  is 
removable,  is  made  in  two  sections  bolted  to  the  sides  and  made 
water-tight  with  a  rubber  gasket.  Vents  are  provided  in  each 
section  of  the  top  for  the  gaseous  products  of  electrolysis,  and 
a  series  of  valves  in  the  bottom  of  the  tank  serve  to  remove  any 
sediment  that  may  be  deposited. 

Fig.  3. 


Internally,  the  tank  is  divided  into  eleven  spaces,  each  of  which 
contains  two  banks  of  electrodes  (Fig.  4.)  mounted  one  above  the 
other,  giving  a  total  of  twenty-two  banks  of  electrodes  arranged 
in  two  horizontal  rows  of  eleven  each.  These  banks  of  electrodes, 
each  of  which  consists  of  48  mild  steel  plates,  10"  x  16"  x  3/16", 
spaced  Y^"  apart,  are  placed  across  the  tank,  the  plates  being 
vertical  and  parallel  to  the  sides.  The  48  plates  of  each  bank 
are  electrically  connected  so  that  alternate  plates  have  the  same 
polarity.  The  spaces  between  the  banks  and  the  sides  of  the 
tank  are  blocked  up,  compelling  the  sewage  to  flow  between  the 
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^"  spaces  between  the  electrodes.  There  are  no  partitions 
or  baffle  plates,  the  sewage  flowing  straight  through  the  tank  from 
one  end  to  the  other.  The  electric  current  passes  through  the 
twenty-two  cells  in  series,  but  as  these  are  all  in  the  same  body 
of  liquid  there  is  necessarily  some  leakage  of  current  from  one 
set  of  electrodes  to  another  through  the  liquid,  and  the  electricity 
which  leaks  in  this  way  performs  electrolysis  less  than  tw^enty- 
two  times. 

Fig.  3a. 


In  each  of  the  %"  spaces  between  the  electrodes,  two  paddles 
or  agitators  are  revolved,  being  attached  to  shafts  passing  through 
holes  punched  in  the  electrodes  to  receive  them.  These  paddles  are 
placed  between  the  electrodes  when  the  banks  are  assembled,  their 
hubs  being  so  shaped  and  interlocked  that  they  remain  in  position 
to  receive  the  shaft  and  insulate  it  from  the  electrodes.  An 
electric  motor  drives  the  paddles  at  a  speed  of  20  R.T.M.,  the 
power  being  transmitted  through  the  double  reduction  gear  box 
and  the  two  banks  of  protected  bevel  gears  shown  in  Fig.  3a  and 
Fig.  4.    The  two  shafts  for  revolving  the  paddles  are,  for  each  two 
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banks  of  electrodes,  electrically  connected  by  means  of  braces  in  the 
outside  mechanism  for  driving  them ;  each  pair  is  insulated  from 
the  next  by  a  leather  coupling-.  The  voltage  between  two  neigh- 
boring pairs  of  shafts  is  about  6,  or  about  equal  to  that  of  two 
cells.  This  necessarily  gives  rise  to  internal  cross-currents  which 
reduce  the  electrolytic  action,  but  this  reduction  is  probably  not 
large.  A  more  serious  result  is  that  those  shafts  which  act  as 
anodes  to  this  leakage  current  will  become  corroded  electrolvti- 
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cally.  This  could  be  avoided  entirely  by  omitting  the  connecting 
])races,  thereby  insulating  each  shaft  from  all  of  the  others, 
leaving  only  the  leakage  current  which  may  enter  the  same  shaft, 
which  is  presumably  very  small,  if  indeed  it  exists  at  all. 

As  each  electrode  has  an  unobstructed  area  of  120.2  square 
inches  per  side,  and  as  the  48  plates  of  each  bank  of  electrodes 
are  electrically  connected  so  that  alternate  plates  have  the  same 
polarity,  each  bank  contains  5649.4  square  inches  of  positive  and 
negative  electrode  area  respectively.  The  total  positive  and  nega- 
tive electrode  area  in  the  electrolytic  apparatus,  which  con- 
tains 22  banks  of  electrodes,  is.  therefore.  124,286.6  square  inches, 
respectively.    The  total  number  of  paddles  is  2068. 
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With  the  arrangement  just  described,  the  sewage  is  brought 
into  intimate  contact  with  the  electrodes,  thus  enabHng  the  nascent 
oxygen  and  hydrogen  to  be  used  effectively.  In  its  course  through 
the  tank  the  sewage  flows  for  14  feet  8  inches  between  electrodes, 
and  for  11  feet  10  inches  through  the  spaces  at  the  ends,  in  the 
middle  and  through  the  spaces  between  the  banks  of  electrodes, 
which  latter  spaces  are  7  inches.  Hence  during  about  55  per 
cent,  of  the  time  or  distance  of  flow  through  the  tank,  the  sewage 
is  under  electrolytic  treatment,  and  during  45  per  cent,  it  is  not. 

Experiments  carried  out  by  the  inventor  for  the  purpose  of 
determining  the  life  of  the  mild  steel  plates  which  constitute 
the  electrodes,  have  shown  that  the  total  amount  of  iron  removed 
from  the  electrodes  by  the  current  amounts  to  1.41  pounds  per 
24  hours,  and  is  not  in  any  way  influenced  by  the  volume  of  sewage 
treated.  This  figure  has  been  substantiated  by  tests  made  by  the 
writers.  As  each  plate  weighs  8.33  pounds,  and  there  are  48 
plates  in  each  of  the  22  banks  of  electrodes,  the  total  weight  of 
the  electrodes  is,  therefore,  8796.5  pounds.  Assuming  that  two- 
thirds  of  the  metal  can  be  removed  from  the  electrodes  without 
rendering  them  useless,  it  follows  that  5864.3  pounds  of  iron  can 
pass  into  solution  without  destroying  the  electrodes.  On  account 
of  frequent  reversal  of  polarity,  the  loss  of  iron  is  distributed 
between  all  the  electrodes.  From  the  figures  just  given,  it  is 
evident  that  the  life  of  the  electrodes  should  be  about  11.4  years, 
and  that  the  electrolytic  corrosion  of  the  iron  is  a  negligible  factor. 
The  electrodes  of  the  tank  at  Easton  were  examined  by  the 
writers,  after  having  been  in  use  for  many  months,  and  showed 
no  visual  signs  of  wear,  the  edges  being  still  sharp. 

At  this  plant  provisions  are  made  for  using  either  lump  or 
hydrated  lime.  When  lump  lime  is  used  the  lumps  are  broken 
up  on  a  3-inch  grid  placed  over  the  crusher,  which  reduces  it 
to  the  size  of  cracked  corn  and  discharges  it  into  the  boot  of  an 
elevator.  A  spout  is  provided  so  that  hydrated  lime  may  enter 
the  elevator  directly.  The  crushed  or  hydrated  lime  is  elevated 
to  a  divided  overhead  hopper  mounted  above  the  two  slaking 
tanks  (Fig.  5),  each  of  which  is  7  feet  in  diameter  and  3  feet  high, 
only  one  of  which  is  used  at  a  time.  The  lime  is  discharged 
from  the  overhead  hopper  into  cither  of  these  slaking  tanks  at 
their  sides  by  adjustable  feeding  devices  which  arc  mounted  on 
trusses  supported  by  the  sides  of  the  tanks,  and  are  actuated  by 
the  same  motor  that  drives  the  agitator  in  the  bottom  of  the  tank. 
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Either  city  water  or,  as  is  generally  the  case,  the  effluent 
from  the  process  is  used  for  slaking  the  lime.  The  effluent 
is  pumped  into  the  bottom  of  either  of  the  tanks  by  a  one-inch 
centrifugal  pump  connecting  with  the  observation  flume  and  the 
milk  of  lime  is  discharged  from  the  top  of  the  tanks  through 
suitable  piping  into  the  spillway  of  the  weir  or  into  the  outlet  pipe 
of  the  electrolytic  apparatus. 

The  construction  of  the  feeding  device  is  very  simple,  con- 
sisting of  a  reciprocating  link  driven  by  an  eccentric,  which  by 

Fig.  5. 


means  of  pawls  and  a  ratchet  actuates  the  feed  worm.  The 
quantity  of  lime  discharged  into  the  slaking  tanks  depends  upon 
the  number  of  revolutions  of  the  feed  v/orm  and  this  may  be 
controlled  by  changing  the  position  of  the  eccentric  or  by  varying 
the  number  of  teeth  engaged  on  the  ratchet  by  changing  the  posi- 
tion of  the  pawl  arm,  permitting  a  total  of  87  adjustments. 

It  has  been  mentioned  previously  that  one  of  the  functions 
of  the  lime  is  to  render  the  electrodes  passive,  so  that  they  will 
not  be  corroded  by  electrolytic  action.  After  the  electrodes  have 
become  passive,  the  crystalloids  of  calcium  carbonate  produced  by 
the  action  of  the  lime  on  the  sewage  begin  to  accumulate  on  them. 
This  increases  the  power  required  to  rotate  the  paddles,  which 


i68  11.    ].  y[.  Creightox  and  Benj.  Fraxklix.     [J- F- I- 

is  indicated  by  a  watt-meter  placed  in  the  circuit  of  the  motor 
that  drives  them.  When  this  motor  indicates  2000  watts,  the 
addition  of  hme  to  the  spillway  of  the  weir  is  discontinued  and 
it  is  then  admitted  to  the  outlet  pipe  of  the  electrolytic  tank. 
Under  these  conditions  the  acid  content  of  the  sewage  dissolves 
the  crystalloid  deposit  without  affecting  the  production  of  nascent 
hydrog'en  and  oxygen.  As  soon  as  the  watt-meter  reading 
becomes  normal  (1000-1200  watts),  the  lime  is  again  admitted 
to  the  spillway  of  the  weir  and  its  addition  to  the  outlet  pipe 
of  the  electrolytic  apparatus  discontinued. 

The  normal  operation  of  this  process  requires  that  the  effluent 
from  the  electrolytic  apparatus  shall  contain  30  p.p.m.  excess 
CaO.  Should  this  excess  be  decreased,  the  resultant  coagulation 
is  poor,  and  when  greatly  increased  the  coagulation  is  not 
improved,  but  the  crystalloid  deposit  upon  the  electrodes  forms 
very  rapidly,  necessitating  the  reversal  of  the  point  of  lime  dosage 
at  shorter  intervals. 

During  the  operation  of  the  electrolytic  apparatus,  the  occlusion 
of  hydrogen  and  oxygen  by  the  electrodes  causes  a  consider- 
able increase  in  resistance,  and  it  is  therefore  necessar>'  at  four- 
hour  intervals  to  change  the  polarity  of  the  electrodes  by  a  switch 
on  the  powerboard  in  order  to  counteract  this  phenomenon.  This 
maintains  the  electrodes  in  a  passive  condition  and  keeps  the 
resistance  of  the  apparatus  practically  constant,  while  the  pro- 
duction of  nascent  hydrogen  and  oxygen  is  unimpaired.  An 
increase  in  resistance  is  also  occasioned  by  electrolytic  depositions 
on  the  electrodes  taking  place.  This  is  indicated  by  a  rise  in 
the  voltage  of  the  electrolytic  apparatus  and  a  fall  in  the  current 
strength.  When,  therefore,  the  voltage  and  the  current  strength 
attain  certain  values,  the  direction  of  the  current  is  reversed 
and  then  these  deposits  re-dissolve. 

The  method  of  operation  that  has  been  adopted  at  Easton 
to  take  care  of  the  wide  variations  in  lK)th  the  flow  and  the  charac- 
ter of  the  sewage  is  exceedingly  simple  and  ensures  satisfactory 
results  at  all  times.  Init  it  is  much  more  expensive  than  would 
be  the  case  were  the  sewage  flow  ec|uali7.ed.  as  more  lime  is 
required  continuously  to  take  care  of  the  variations  of  the  sewage. 

The  total  consumption  of  energj'  chnrcjcablc  directly  to  the 
process  is  that  used  for  electrolysis,  that  for  driving  the  paddles, 
that  for  pumping  a  portion  (^f  the  effluent  into  the  lime-mixing 
lank,  .'ind  that    for  driving  the  stirrer  and    feeder  of  this  tank. 
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All  this  energy,  and  none  other,  is  measured  in  a  sealed  deneral 
Electric  Company's  kilowatt-hour  meter  attached  directly  to  a 
three-phase.  60-cycle,  220-volt  alternating  current.  Part  of  the 
current  which  passes  through  this  meter  operates  a  motor  genera- 
tor, which  furnishes  the  direct  current  for  electrolysis.  That 
portion  of  the  total  power  which  as  direct  current  passes  through 
the  electrolytic  tank,  is  read  .separately  on  a  voltmeter  and  amme- 
ter; that  portion  which  is  used  for  driving  the  paddles  located 
l)etween  the  electrodes  is  measured  on  a  separate  indicating 
wattmeter. 

The  voltage  of  the  individual  cells  ranges  from  2.5  to  3.7 
volts,  averaging  about  2.82  volts,  while  a  current  of  34  amperes 
is  flowing. 

III.  EXPERIMENTAL   RESULTS. 

In  order  to  determine  the  efficacy  of  the  Landreth  Direct 
Oxidation  Process,  an  investigation  was  carried  out  at  the  demon- 
stration plant  at  Easton,  on  February  i8th,  19th,  20th  and  21st, 
during  which  time  the  plant  was  operated  under  the  direction  and 
constant  supervision  of  one  of  the  writers  and  his  two  assist- 
ants. Messrs.  O.  R.  Ouayle  and  J.  D.  Ballard.  Composite 
samples  of  both  the  raw  sewage  and  the  effluent  were  pre- 
pared from  half-hour  samples  of  these  liquids,  and  the  chlorine, 
nitrite,  nitrate,  required  oxygen  and  dissolved  oxygen  were 
determined  in  the  former  samples  immediately  after  obtaining 
them.  Portions  of  these  composite  samples  were  sent  at  once  to 
Mr.  James  DeLong.  at  Lafayette  College,  Easton,  Pa.,  who 
made  determinations  of  albuminoid  and  free  ammonia.  The 
bacteria  content  was  determined  by  Dr.  E.  Q.  St.  John,  of  Phila- 
delphia, in  samples  of  l)oth  the  raw  sewage  and  the  effluent  taken 
every  two  and  one-half  hours,  or  oftener,  during  the  runs.  The 
bacteria  samples  Avere  kept  on  ice  and  sent  to  Philadelphia  daily 
by  special  messenger. 

One  litre  of  each  composite  sample  of  raw  sewage  and  of 
effluent  was  placed  in  bottles  of  that  volume,  with  only  a  small 
air  space  at  the  top  to  allow  for  expansion,  and  sent  to  the 
Chemical  Laboratories  of  Swarthmore  College,  where  the  dis- 
solved oxygen  remaining  in  the  samples  at  the  end  of  five  days 
and  the  suspended  matter  were  determined. 

Owing  to  the  fact  that  the  composition  of  the  raw  sewage 
delivered  to  the  plant  was  liable  to  vary  greatly  from  moment  to 
moment,  it  was  necessarv,  in  order  that  the  influence  of  the  elec- 
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trolytic-lime  treatment  might  be  ascertained,  to  determine  the  time 
required  for  the  sewage  to  pass  from  the  point  where  the  samples 
of  raw  sewage  were  collected,  to  that  point  where  the  samples 
of  effluent  were  taken.  This  was  accomplished  by  adding  a  suit- 
able dye  to  the  sewage  at  the  first  point  and  noting  the  time 
required  for  the  color  to  appear  at  the  second  point.  From  the 
spillway  of  the  w^eir,  and  from  the  entrance  to  the  grit  chamber, 
points  at  which  samples  of  raw  sewage  were  collected,  95  seconds, 
and  3  minutes,  respectively,  were  required  by  the  sewage  to  pass 
to  the  observation  flume  where  the  samples  of  effluent  were  taken. 
Therefore,  by  allowing  this  time  to  elapse  between  taking  the 
samples  of  raw  sewage  and  effluent,  there  were  obtained  corre- 
sponding samples.  It  might  be  of  interest  to  mention  that  several 
of  the  dyes  employed,  as  well  as  phenolphthalein,  were  decolorized 
while  passing  through  the  electrolytic  apparatus.  The  individual 
samples  of  both  raw  sewage  and  effluent,  of  which  the  respective 
composite  samples  were  composed,  were  made  by  dipping  up 
three  portions  of  250  c.c,  thirty  seconds  clasping  betw^een  each  dip. 
During  the  tests  covered  by  analyses  i  to  9  inclusive,  the 
hydrated  lime  was  fed  into  the  mixing  vat  at  the  rate  of  856.4 
pounds  per  24  hours,  or  an  equivalent  of  672  pounds  90  per  cent. 
CaO  lump  lime.  The  milk  of  lime  so  formed  was  added  to 
the  raw  sewage  at  the  spillway  of  the  weir  at  the  rate  of  30 
gallons  per  minute.    The  lime  was  found  on  analysis  to  contain : 

Per  cent. 

CaO    71.36 

Fe,03+Al,3 2.47 

CI    0.5 

COj  0.0 

The  purification  process,  operated  in  the  manner  recom- 
mended by  the  inventor  {i.e.,  the  use  of  electricity  and  lime),  was 
tested  over  a  period  of  35.5  hours,  this  period  being  made  up 
of  a  run  of  14.5  consecutive  hours  on  February  i8th,  during 
which  three  composite  samples  for  chemical  analysis  and  six 
samples  for  bacteriological  examination  were  taken;  and  a  run  of 
10  and  another  of  3  consecutive  hours  on  February  19,  covered  by 
three  composite  samples  for  chemical  analysis  and  nine  samples 
for  bacteriological  examination;  and  a  run  of  5  and  another 
of  3  consecutive  hours  on  February  19th.  covered  by  two  com- 
posite samples  for  chemical  analysis  and  6  samples  for  bacterio- 
logical examination.  During  these  three  days  the  weather  was 
cold  and  fine. 
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X'ariations  in  the  tiow  of  sewage  during  these  periods  are 
shown  by  the  curv-es  in  Fig.  6.  In  this  figure  are  indicated 
by  the  numerals,  i  to  8,  the  periods  covered  by  the  composite 
samples  taken  for  chemical  analysis,  and  by  the  letters,  a  to  11, 
the  times  at  which  samples  were  taken  for  bacteriological 
examination. 

In  Fig.  7  are  shown  graphically  the  variations  in  the  volt- 
meter, ammeter  and  wattmeter  readings.  The  hours  at  which  the 
direction  of  the  current  through  the  electrolysis  tank  was  reversed 
are  indicated  by  the  heavy  vertical  lines.  It  will  be  seen  that, 
for  the  most  part,  the  current  was  reversed  when  the  voltage 
was  high  and  the  amperage  low.  Further,  it  will  be  observed 
that  the  form  of  the  voltage  and  amperage  curves  on  February 
20th  is  quite  different  from  those  for  the  two  preceding  days,  a 
high  voltage  being  necessary  to  maintain  the  normal  operating 
current.  On  this  day  a  considerable  quantity  of  grease  was 
observ^ed  in  the  effluent.  It  is  believed  that  the  presence  of  the 
grease  considerably  increased  the  electrical  resistance  of  the 
sewage. 

In  Table  I  are  given  the  analytical  data  and  the  average  of 
the  bacteriological  data  obtained  for  the  periods  indicated,  for 
both  the  raw  sewage  and  for  the  effluent. 

As  it  had  been  suggested  that  the  efficiency  of  the  process 
was  due  primarily  to  the  action  of  the  lime  which  was  thoroughly 
mixed  with  the  sewage  in  the  electrolytic  apparatus,  electricity 
playing  but  a  minor  part,  the  examination  at  Easton  included 
an  investigation  of  the  efficacy  of  the  apparatus  in  the  purification 
of  .sewage.  ( i )  when  the  raw  sewage,  after  having  been  mixed 
with  the  usual  quantity  of  lime  suspension,  was  passed  through 
the  tank  and  subjected  to  thorough  mixing  by  the  paddles,  with- 
out electricity;  and  (2)  when  the  raw  sewage  to  which  no  lime 
had  been  added  was  subjected  to  the  action  of  the  electric  current 
in  the  tank.  As  the  inventor  was  of  the  opinion  that  the  electrode 
would  be  damaged  by  allowing  the  lime-containing  sewage  to  flow 
through  it  in  the  absence  of  the  electric  current,  or  by  operating 
it  with  electricity  in  the  absence  of  lime,  for  periods  longer  than 
one  hour,  the  tests  just  mentioned  each  extended  over  a  period 
of  sixty  minutes.  During  these  two  periods  composite  samples 
were  prepared  by  taking  portions  of  both  the  raw  sewage  and 
the  effluent  at  intervals  of  five  minutes,  while  for  bacteriological 
examination  samples  were  taken  every  ten  minutes  during  the 
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hour.  These  tests  were  made  on  February  21st.  on  which  clay 
there  was  a  hght  fall  of  snow  which  melted  rapidly.  The  varia- 
tions in  the  sewage  flow  during  the  two  tests  are  shown  graphi- 
cally in  Fig.  8,  and  the  electrical  data  are  show^n  in  Fig.  9.  The 
results  of  the  chemical  analyses  and  the  bacteriological  examina- 
tion which  cover  the  two  tests  are  given  in  Table  II. 

Fig.  8. 
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IV.  DISCUSSION  OF  RESULTS. 


PM 


\'arious  standards  for  the  purity  of  sewage  effluents  have 
been  forniulated  from  time  to  time.  Kinnicutt,  Winslow  and 
I'ratt  state  in  their  book  just  j)ublished  that  "  in  the  United  States 
the  usual  requirement  is  that  the  effluent  must  l^e  non-putrcscible. 
or  must  contain  onlv  that  amount  of  organic  matter  which,  when 
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the  effluent  is  emptied  into  a  stream,  can  be  oxidized  by  the 
oxygen  contained  in  the  water  at  the  time  of  the  minimum  flow; 
and  that  it  must  be  sufficiently  freed  from  suspended  soHds  to 
avoid  the  accumulation  of  sludge  banks  or  the  creation  of  surface 
conditions  offensive  to  sight  and  smell.  In  certain  cases,  as 
when  the  effluent  is  emptied  into  a  stream  in  the  near  neighborhood 
of  a  point  at  which  water  is  taken  for  domestic  use,  or  is  emptied 
into  salt  water  in  the  neighborhood  of  shellfish  layings,  the 
effluent  must  also  be  freed  from  the  great  majority  of  the  sewage 
bacteria." 

"  The  International  Boundary  Commission,  as  a  result  of  its 
study  of  pollution  in  the  Great  Lakes,  suggested  that  the  raw 
water  to  be  treated  by  a  purification  plant  should  contain  not 
over  500  B.  coli  per  100  c.c.  as  an  annual  average,  and  should 
not  show  B.  coli  in  more  than  half  of  a  series  of  o.i  c.c.  samples 
if  satisfactory  results  are  to  be  secured.  According  to  this  stand- 
ard it  would  naturally  be  required  that  sewage  treatment  should 
be  carried  far  enough  so  that  after  dilution  has  taken  place  the 
effluent  discharged  shall  not  produce,  at  any  neighboring  water 
works  intake,  a  raw  water  of  greater  bacterial  impurity  than  that 
specified  above.  The  requirement  of  the  Commission  is  perhaps 
an  unduly  strict  one  since  many  filtration  plants  (such  as  that  of 
Cincinnati)  are  treating  waters  much  more  polluted  than  this 
with  success." 

"  Authorities  in  America  generally  consider  that  more  valu- 
able information  can  be  obtained  from  the  study  of  the  nitrogen 
data  than  from  any  of  the  other  factors,  while  in  England  and 
Germany  greater  importance  is  placed  on  the  oxygen  consumed. 
If  total  carbon  could  be  determined  easily,  this  determination 
would  probably  be  most  valuable.  Oxygen  consumed,  however, 
does  not  bear  a  constant  relation  to  total  carbon  and  is  open 
to  the  same  objections  as  albuminoid  nitrogen." 

"  The  latest  and  most  authoritative  standard  of  this  kind  is 
the  one  formulated  by  the  Royal  Commission  on  Sewage  Disposal 
in  its  Eighth  Report  (R.S.C.,  1912).  It  provides  as  a  general 
standard  that  a  sewage  effluent  must  not  contain  as  discharged 
more  than  30  parts  per  million  of  suspended  matter  and  must 
not  take  up  more  than  30  parts  per  million  of  dissolved  oxygen 
in  5  days  at  18.3°  C.  If  the  volume  of  diluting  water  available 
is  150-300  times  the  volume  of  the  effluent  the  dissolved  oxygen 
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test  may  be  omitted  and  60  parts  of  suspended  solids  would  be 
permissible;  if  the  volume  of  diluting  water  is  300-500  times 
the  volume  of  the  effluent  the  limit  of  suspended  solids  may  be 
raised  to  150  parts  ;  while  if  the  diluting  volume  is  500  times  that 
of  the  effluent  all  standards  might  be  dispensed  with  provided 
necessar}'   screens  and  detritus  tanks  were  provided." 

In  Table  III  are  compared  the  changes  brought  about  in  raw 
sewage  by : 

1.  Electrolytic-lime  treatment  with  the  Landreth  apparatus; 

2.  Lime  alone  with  the  Landreth  apparatus; 

3.  Electricity  alone  with  the  Landreth  apparatus. 

Table  III. 
Change  Produced  in  Sewage  by  the  Landreth  Apparatus  Operated  With: 


Lime  and  Electricity 

Lime  ak 
P.  P.  M. 

jne 
Per  cent. 

Electricity  alone 

P.  P.  M. 

Percent. 

P.  P.  M 

Per  cent. 

Chlorine 

+    1.2 

+    1.9 

+  58.3 
+23.6 
-18.3 

+  12.3 
-    0.005 
+   0.005 
+    0.2 

+  18.2 

+  1.6 

+    2.2 

—  20  0 

Nitrite 

+   0.014 
+   0.13 
-    3.3 

—  lO.O 

—  O.OI 

Nitrate 

+    0.8 

-0.15 
+0.9 

—  20  0 

Free  ammonia . .  . 

+  1-3 

+  6.6 

Album.  XH3 

-  3-6 

—  12. 1 

-    0.4 

-   1-7 

-0.5 

-   2.3 

Required  oxygen . 

-13.0 

-20.5 

-    7.7 

-  8.9 

-6.5 

—  lO.O 

Dissolved  O2 

+   1.78 

+40.9 

-    0.93 

-19.1 

+  I.61 

+40.1 

Dissolved  .  .  .  R  = 

4.17 

95-9 

4.85 

99.4 

3.93 

98.0 

O2  absorbed  in  5 

days E  = 

0.77 

12.6 

3-82 

96.7 

5.17 

92.0 

n 

Total    count 

at  37°  C, 

per  c.  c. . .  . 

-343.200 

-92.7 

-    373,000 

-82.4 

-165,000 

-37-8 

V, 

Total    count 

»J. 

at  20°  C, 

cS 

per  c.  c. . .  . 

-688,000 

-92.2 

—  1,074,000 

—  90.1 

-635,000 

—  70.0 

Si 

B.     coli     at 

S 

37°  C,  per 

PQ 

c.  c 

-   77,880 

-99.85 

-      96,300 

-92.3 

-45,000 

-81.8 

From  a  comparison  of  the  results  recorded  in  Table  III,  it 
will  be  observed  that  with  electrolytic-lime  treatment  the  quanti- 
ties of  nitrite  and  nitrate  in  the  sewage  are  increased,  while  with 
lime  alone  and  with  electricity  alone  a  material  decrease  or  but 
a  slight  increase  is  effected.  With  the  electrolytic-lime  treatment 
there  is  a  marked  decrease  in  free  ammonia  and  albuminoid 
ammonia,  whereas  with  the  lime  or  with  the  electrical  treatment 
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there  is  a  small  decrease  in  albuminoid  ammonia,  and  an  increase 
in  free  ammonia.  The  required  oxygen  is  decreased  by  all  three 
treatments,  but  that  effected  by  the  electrolytic-lime  treatment 
is  approximately  double  that  brought  about  by  either  of  the  other 
methods.  Due  to  the  production  of  oxygen  by  the  electric  cur- 
rent, an  increase  in  dissolved  oxygen  of  about  40  per  cent,  is 
effected  by  the  electrolytic-lime  treatment  and  by  the  purely  elec- 
trical treatment;  while  with  lime  alone  a  decrease  of  19  per  cent, 
in  dissolved  oxygen  occurs. 

The  amount  of  the  dissolved  oxygen  absorbed  by  the  effluent 
in  five  days  at  a  temperature  of  10°  C.  to  15°  C,  affords  very 
important  information  regarding  the  efficiency  of  the  three 
methods  of  treatment.  Indeed  this  test  is  regarded  by  many 
authorities  as  one  of  the  most  important  standards  for  deter- 
mining the  purity  of  an  effluent.  The  results  recorded  in  Table  III 
show  that  while  practically  all  of  the  dissolved  oxygen  in  the  raw 
sewage  is  absorbed  during  the  five-day  period,  that  in  the  effluent 
produced  by  the  electrolytic-lime  treatment  is  reduced  only  0.77 
part  per  million,  or  12.6  per  cent.,  a  figure  which  lies  far  below 
the  limit  allowed  by  the  Royal  Sewage  Commission.  On  the 
other  hand,  nearly  all  of  the  dissolved  oxygen  in  the  effluents 
produced  by  the  lime  treatment  and  by  the  electrical  treatment  is 
absorbed  in  the  five-day  period,  showing  that  by  these  methods  the 
unstable  organic  matter  in  the  sewage  was  but  partially  oxidized. 

It  will  be  observed  that  electrolytic-lime  treatment  brings 
about  a  reduction  of  over  92  per  cent,  in  the  total  bacteria  count, 
while  the  lime  treatment  effects  a  reduction  of  82  per  cent,  at 
T,y°  C.  and  90  per  cent,  at  20°  C,  and  the  electrical  treatment 
produces  a  reduction  of  only  38  per  cent,  at  the  higher  tempera- 
ture and  70  per  cent,  at  the  lower  temperature.  The  reduction 
in  B.  coli  per  c.c.  amounts  to  99.85  per  cent,  with  the  electrolytic- 
lime  treatment,  and  to  92.3  per  cent,  and  81.8  per  cent.,  respec- 
tively, with  the  lime  treatment  and  with  the  electrical  treatment. 

It  may  be  of  interest  to  mention  that  the  diluents  produced 
by  the  different  treatments  were  examined  after  having  been 
kept  in  stoppered  bottles  for  five  weeks.  Those  obtained  in  runs 
I  to  8  (electrolytic-lime  treatment)  had  little  or  no  odor;  that 
obtained  in  run  9  (lime  treatment  only)  had  a  very  disagreeable 
odor,  while  that  obtained  in  run  10  (electrical  treatment  only) 
smcUed   strongly  of  hydrogen   sulphide,   and  had   turned   black 
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owing  to  the  conversion  of  the  iron  dissolved  from  the  electrodes 
into  iron  sulphide. 

It  is  evident  from  the  data  recorded  in  Table  III  that  not 
only  is  an  highly  satisfactory  effluent  produced  by  the  Direct 
Oxidation  Process,  but  that  the  combination  of  lime  and  elec- 
tricity, when  employed  in  the  apparatus  described,  is  much  more 
effective  in  purifying  sewage  than  either  lime  alone  or  electricity 
alone  when  employed  with  the  same  apparatus. 

In  judging  the  efficacy  of  the  Direct  Oxidation  Process,  it 
must  be  remembered  that  the  data  given  in  the  preceding  tables 
refer  to  the  effluent  as  it  comes  from  the  electrolytic  tank,  and  that 
by  the  conjunctive  use  of  a  sedimentation  basin  the  suspended 
solids,  consisting  largely  of  lime,  could  be  considerably  reduced. 
This  reduction  would  also  be  attended  by  a  further  decrease  in 
albuminoid  ammonia,  required  oxygen  and  the  bacteria. 

In  order  that  the  results  obtained  with  the  Direct  Oxidation 
Process  of  sewage  treatment  may  be  compared  with  those  obtained 
with  other  methods,  analytical  and  bacteriological  data  relating 
to  a  number  of  methods  are  given  in  Tables  IV  and  V. 

V.  COSTS   AND    COMPARISONS. 

After  a  careful  study  of  16  different  plants  for  sewage  treat- 
ment in  this  country,  varying  in  cost  from  $40,000  to  $9,000,000, 
we  still  find  it  extremely  difficult  to  make  a  comparison  in  cost 
either  of  construction  or  of  operation  of  the  electrolytic  process 
of  sewage  treatment  with  other  methods,  since  the  conditions 
affecting  the  installation  of  a  sew-age  treatment  system  vary  greatly 
and  frequently  involve  factors  which  in  the  aggregate  are  more 
costly  than  the  construction  of  the  plant. 

Take,  for  instance,  the  selection  of  a  site  for  a  treatment 
plant.  It  must  be  sufficiently  remote  to  avoid  offense ;  its  elevation 
should  Ije  low  enough  to  receive  the  sewage  by  gravity  or  at  least 
to  minimize  the  cost  of  pumping;  and  it  ought  also  to  be  reason- 
ably close  to  a  stream  furnishing  a  proper  outlet  for  the  effluent. 
To  meet  these  general  conditions,  heavy  costs  may  be  incurred 
in  the  purchase  of  land  suitable  for  the  purpose  and  frequently 
tracts  thus  acquired  must  be  largely  in  excess  of  the  actual  needs 
of  the  plant  so  as  to  avoid  the  depreciation  of  adjacent  land 
values.  The  cost  also  may  be  increased  by  the  construction  of 
long  and  expensive  trunk  line  sewers;  the  construction  of  col- 
lecting basins  and  pumping  stations  for  the  purpose  of  lifting 
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the  sewage  across  divides  from  one  drainage  area  into  another, 
so  that  treatment  can  be  obtained  at  a  central  plant;  and  the 
property  damages  which  in  some  cities  result  from  the  widening 
of  streets  and  the  changes  of  grades  made  necessary  to  accom- 
modate concentrated  drainage. 

Table  V. 

Bacteria  Reduction  by  Various  Methods  for  Treating  Sewage. 

Intermittent  Filtration  at  Brockton,  Mass. 

Kinnicutt,  Winslow  and  Pratt. 

Total  count  B.  coli  per 

per  c.c.  at  20  c  .c. 

Raw  sewage 3,150,000  150,000 

Effluent  A i  ,900  400 

Effluent  B 6,300  15 

Effluent  D 125  o 

Effluent  E 1,400  5 

Effluent  F 2,000  i 

Results  of  Experiments  at  Lawrence,  Mass. 

Metcalf  and  Eddy.  p„  ^g„^_  bacteria 

Regtilar  sewage,  as  received  from  force  main  at  removed 

station 2,095,600 

Settled  sewage 1,386,300  33-8o 

Effluent,  strainer  E  (12"  depth  buckwheat  coal,  rate 

800,000  gals,  per  acre  per  day) 874,200  58.50 

Fresh  sewage  (from  toilet  room  at  station)  3,241,600 

Effluent,  Imhoff  tank 1,700,300  46.60 


Effluent,  sand  filters 2,565  99.88 

Effluent,  contact  filters 1,105,600  47-20 

Effluent,  trickling  filters 254,500  81.70 

\\'hile  it  is  true  that  in  the  electrolytic  process  described  in 
this  paper,  a  number  of  units  are  eliminated  which  are  required 
in  ordinary  treatment  systems,  yet  in  a  small  electrolytic  plant 
this  saving  is  more  than  offset  by  the  cost  of  the  protective 
building  which  is  necessary.  In  addition  there  is  the  constant 
employment  of  skilled  labor  which  such  a  plant  requires.  Where 
it  is  possible  to  combine  a  water  pumping  station,  an  electric 
lighting  plant,  and  a  Landreth  Direct  Oxidation  sewage  treatment 
plant  under  one  roof,  the  proportional  cost  of  the  protective 
structure,  as  well  as  operation,  is  reduced,  making  it  a  probable 
advantage  to  employ  this  method.  When  this  cannot  be  done, 
the  Landreth  Direct  Oxidation  process  is  not  in  our  judgment 
economical  if  the  population  tributary  to  the  plant  is  very  small. 

Our  experience  at  the  Landreth  Direct  Oxidation  plant  in 
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Easton  fully  justifies  the  statement  that  a  plant  oi  this  type  can 
be  installed  and  operated  in  any  densely  populated  section  without 
detection  by  the  public. 

The  importance  of  this  advantage  is  evident  when  it  is  con- 
sidered that  an  inexpensive  property  of  a  few  thcmsand  s{[uare 
feet  conveniently  situated  near  outlets  of  main  sewers  is  all  that 
is  required  for  this  electrolytic  process  compared  with  the  large 
areas  at  a  distant  point  demanded  by  ordinary  methods  of  sewage 
disposal. 

Table  VI. 

Coml)arisnn   of   Cost   of   Operation    Between   s.000,000   Gallon    Plant   and 

10,000,000  Gallon  Plant. 

Capacity    2.000.000  gallons  per  day. 

Population    20.000. 

Tile  operation  cost  is  l)asecl  upon  the  following  daily  items  : 

1600  lbs.  90  per  cent,  lime  per  day  at  $6  per  ton $5..^3 

Current,  282  k.w.  hrs.  per  day  at  2  cents  5.64 

Heat  and  light  per  day   2. 00 

Renewals     2.00 

Maintenance  and  repairs  i.oo 

Labor: 

3  men— 8  hr.  shifts,  at  $5,  $4.  $4- 

I   lal)orer  at  $3    16.00 


Total    $31-97 

This  is  58  cents  i)er  capita  per  year  for  operation,  of  which  about 
51  per  cent,  is  for  labor  alone. 

Capacity    10.000,000  gallons  per  day. 

Population    100.000. 

Tlic  operation  cost  is  based  upon  the  following  daily  items  : 

8000  lbs.  90  i)er  cent,  lime  per  day  at  $6  per  ton $-^6.75 

Current,  1410  k.w.  iirs.  per  day  at  2  cents 28.00 

Heat  and  light  per  day   (estimated)    2.00 

Renewals     10.00 

Maintenance  and  repairs  6.00 

Labor: 

I   superintendent    5.00 

3  operators  at  $4  1 2.00 

I   laborer   3.00 


This  is  34  cents  per  ca])ita  per  year  for  operation,  ol  which  about  2. 
l)er  cent,  is  for  labor. 
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In  the  operation  of  this  electrolytic  process  it  is  imperative 
to  have  skilled  labor  in  constant  attendance,  although  the  duties 
imposed  upon  it  are  light.  However,  in  this  process  the  number 
of  units  can  be  largely  increased  without  any  appreciable  increase 
in  the  amount  of  labor  necessary  to  operate  the  enlarged  plant. 
This  is  illustrated  by  the  data  contained  in  Table  VI  showing 
comparisons  between  the  operating  costs  of  2,000,000  gallon  and 
10,000.000  gallon  plants. 

In  Table  Yll  is  given  the  cost  of  construction  of  various 
sewage  disposal  plants  in  the  United  States.  It  has  not  been 
possible  in  this  table  to  indicate  in  every  case  the  actual  cost  of 
the  disposal  plant  alone,  eliminating  property  values,  trunk  lines, 
costs,  etc.,  and  on  that  account  the  per  capita  costs  show  such  great 
variations.  It  is  evident,  however,  that  the  per  capita  cost  of  the 
construction  of  a  Direct  Oxidation  plant  compares  favorably 
with  that  of  any  other  process. 

The  data  in  Table  VIII  indicate  the  actual  cost  of  operation 
per  capita  of  a  number  of  sewage  disposal  plants  in  the  United 
States  with  the  additional  costs  for  interest  and  depreciation. 
An  examination  of  this  table  indicates  that  the  economy  resulting 
from  the  use  of  the  Landreth  Direct  Oxidation  process  is  effected 
largely  through  a  saving  in  the  cost  of  construction. 


Fire  Engines  and  the  Essentials  of  Fire  Fighting.  Charles 
H.  Fo.x.  {The  American  Society  of  Mechanical  Engineers,  Spring 
Meeting,  June,  1919.) — Steam  power  was  not  successfully  applied 
to  fire  engines  until  the  beginning  of  the  year  1853.  Up  to  that  time 
the  so-called  "  hand  engines  "  were  used  exclusively  and  it  should 
also  be  understood  that  at  that  time  the  present-day  system  of  water- 
works, was  still  in  its  infancy  and,  therefore,  the  chief  dependence 
for  a  supply  of  water  for  fire-extinguishing  purposes  was  upon 
methods  of  storage  in  vogue  before  water  mains  came  into  gen- 
eral use. 

The  conventional  hand  fire  engine  of  that  day  comprised  a  rec- 
tangular wooden  box  suitably  mounted  on  four  low  wheels.  Pumps, 
of  the  piston  type,  were  housed  within  and  firmly  fixed  to  the  floor 
of  the  box ;  working  levers  were  provided  and  motion  was  imparted 
to  the  pistons  by  a  host  of  firemen  lined  up  on  opposite  sides  of  the 
apparatus.  At  this  early  period  fire  hose  was  not  plentiful,  the  best 
was  crudely  made  up  of  leather,  and  the  pumps  were,  therefore, 
placed  close  to  the  scene  of  the  fire.    Water,  largely  conveyed  by  a 
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hand-to-hand  passing  of  firc-pails,  was  poured  into  the  engine  trough. 
where  it  was  picked  up  by  the  pumps  and  forced  through  the  leading 
hose  and  onward  to  be  thrown  on  the  fire.  Somewhat  later  it  be- 
came customary  to  equip  these  hand  engines  with  a  non-collapsible 
suction  hose,  so  that  water  could  be  drawn  directly  from  cisterns  or 
wells,  but  the  wooden  tub  or  reservoir  always  remained  a  character- 
istic feature  of  these  old-time  machines. 

Early  in  January,  1853,  ]\Ir.  A.  B.  Latta  successfully  tested  his 
new  steam-driven  fire  engine.  Mr.  Latta  was  a  citizen  of  Cin- 
cinnati and  although  his  pioneer  effort  resulted  in  the  production 
of  an  extremely  heavy  machine,  the  engine  was  purchased  by  the 
city  and  known  as  the  Joe  Ross.  The  first  steamer  marked  the 
beginning  of  a  new  epoch  in  iire  fighting. 

Latta's  second  steam  fire  engine  was  built  and  installed  in  the 
year  1853.  The  purchase  of  this  machine  was  made  possible  by 
popular  subscription  and  the  engine  was  named  and  long  known 
in  Cincinnati  as  the  Citizens'  (lift. 

When  fire  must  be  fought,  fire  streams  can  be  effective  only 
when  the  water  is  expelled  from  the  nozzle  at  an  appropriate  speed. 
In  other  words,  unless  enough  of  the  initial  pressure  available  for 
starting  the  fiow  through  the  hose  survives  at  a  point  immediately 
back  of  the  nozzle  orifice,  the  resulting  jet  will  not  measure  up  to  its 
mission.  The  characteristics  of  a  fire  stream — good,  bad,  or  indiffer- 
ent— are  directly  dependent  upon  the  velocity  of  the  jet  and  obvi- 
ously the  velocity  is  proportionate  to  the  surviving  pressure  just 
mentioned.  For  the  best  results  the  flow  may  be  too  slow,  while,  on 
the  other  hand,  disaiipointment  will  foillow  when  the  velocity  of 
discharge  goes  beyond  what  might  be  termed  the  ma.ximum  economi- 
cal limits  of  nozzle  pressure. 

The  function  of  a  fire  engine  is  either  to  draw  water  from  any 
basin  or  other  conveniently  located  source  or,  when  fire  h\drants 
are  available,  to  make  up  the  pressure,  which  is  seldom  high  enough 
in  ordinary  water  mains  to  serve  for  efifective  fire  service.  In 
fighting  fire,  it  is  not  uncommon  to  elevate  the  nozzle  far  above  the 
source  of  the  water  sui)]:)ly.  'J1iis  procedure,  of  course,  involves  loss 
of  forcing  pressure,  which  is  in  proportion  to  the  static  head  of  the 
column.  The  greatest  power-absorbing  medium  between  the  source 
of  supply  and  the  point  of  discharge  is  the  fire  hose.  In  may  also  be 
said  that  here  is  involved  the  ])oint  which  is  least  understood  in  the 
subject  of  hydraulics  as  applied  to  fire-lighting  practice. 


SOME  REMARKS  CONCERNING  THE  HEAT  TREAT- 
MENT OF  STEEL  AND  THEIR  APPLICATION  TO  THE 
TREATMENT  OF  STEELS  USED  FOR  AIRPLANE 
MOTORS.-  ' 

BY 

ALBERT  SAUVEUR,  S.B. 

r  Professor  of  Metallurgy  and  Metallography,  Harvard  University. 

Recently  Director  of  Metallurgy  in  the  Air  Service,  A.  E.  F. 

Ix  heat  treating-  rolled  or   forged  steel  we  seek  generally: 

1.  To  increase  its  softness,  that  it  may  be  more  readily 
machined ; 

2.  To  make  it  strong,  that  it  may  resist  successfully  the 
stresses  to  which  it  will  be  subjected  in  use  : 

3.  To  make  it  hard,  that  it  may  resist  wear  or  acquire  cutting 
properties. 

The  corresponding  heat  treatments  may  be  therefore  descri1)ed 
respectively  as : 

(a)  Softening  Treatment, 

(b)  Strengthening  Treatment, 

(c)  Hardening  Treatment. 

The  Softening  Treatment,  which  usually  consists  in  cooling 
the  metal  slowly  from  a  temperature  exceeding  its  critical  range, 
generally  imparts  to  it  its  maximum  ductility  but  materially 
reduces  its  strength  (and  elastic  limit). 

It  is  also  highly  beneficial  in  removing  the  strains  resulting 
from  the  working  of  the  metal.  These  strains  are  the  more  serious 
and  detrimental  the  lower  the  temperature  at  which  the  metal 
was  worked.  If  it  has  been  cold  worked,  the  necessity  of  remov- 
ing them  l)ecomes  imperative,  as  a  strained  metal  is  a  dangerous 
one,  inclined  to  be  brittle  and  having  reduced  resistance  to  shock 
and  to  fatigue  stresses. 

The  Strengthening  Treatment  implying,  as  it  generally  does, 
a  rapid  cooling  from  a  temperature  but  slightly  above  the  critical 
range  of  the  metal,  is  not  as  effective  as  the  softening  treatment 
in  removing  working  strains.     It  follows  from  these  considera- 

*  Communicated  by  the  Author. 

'  A  few  copies  of  these  remarks  were  printed  for  private  circulation  in 
February,  1918,  as  Bulletin  M  3,  "  Notes  on  the  Metallurgy  of  Aviation,"  by 
the  Technical  Section,  U.  S.  .Air  Service,  .American  Expeditionary  Forces. 
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tions  that  it  is  often  advisable  to  subject  to  a  softening  treatment 
certain  steel  objects  already  soft  enough  to  be  readily  machnied 
or  which  are  to  be  subjected  to  a  strengthening  treatment,  for  the 
purpose  of  removing  thoroughly  the  objectionable  strains  created 
by  the  working  operation. 

The  softening  treatment  should  be  logically  applied  after  roll- 
ing or  forging  but  before  machining. 

The  strengthening  treatment  consists  usually  in  cooling  rapidly 
through  the  critical  range  and  may  be  followed,  as  later  explained, 
by  a  second  heating  below  that  range. 

Roughly  speaking,  the  strength  imparted  will  be  the  greater, 
the  quicker  the  cooling  through  the  range.  Increased  strength 
moreover  generally  implies  increased  elastic  limit,  a  property 
which  is  in  reality  of  greater  moment  than  mere  tenacity,  for, 
obviously,  it  is  not  intended  that  steel  parts  should  ever  be 
strained  above  their  elastic  limit,  that  is,  until  permanent  distortion 
actually  occurs. 

The  strengthening  treatment,  on  the  other  hand,  generally 
decreases  the  ductility  of  the  metal  and  may  result  in  actual 
brittleness.  Broadly  stated,  the  greater  the  increase  of  strength, 
the  greater  generally  the  decrease  of  ductility,  that  is,  the  greater 
the  danger  of  producing  a  brittle  metal ;  hence  the  necessity, 
in  most  cases,  of  being  satisfied  with  such  strengthening  treat- 
ment as  will  yield,  not  maximum  strength,  but  such  strength 
as  can  be  combined  with  the  amount  of  ductility  necessary  for 
safety,  that  is,  to  guard  us  against  sudden  rupture  under  shock. 
If,  for  instance,  the  cooling  through  the  range  has  been  so  rapid 
as  to  yield  very  great  strength  but  very  little  ductility,  a  second 
treatment  will  be  required  in  order  to  increase  the  ductility,  while 
necessarily  decreasing  the  strength. 

The  rapid  cooling  through  the  range  which  the  strengthening 
treatment  generally  implies  is,  moreover,  beneficial  in  destroying, 
in  part  at  least,  the  structural  orientation  generally  imparted  to 
steel  by  work.  An  objectionable  effect  of  this  orientation  is  to 
cause  the  metal  to  acquire  physical  properties  when  tested  in  the 
direction  of  the  work  markedly  different  from  those  it  possesses 
when  tested  at  right  angle  to  that  direction.  Tn  the  former  case, 
for  instance,  the  ductility  as  measured  by  the  elongation  is.  as  a 
rule,  considerably  greater.  This  implies  a  lack  of  physical  or 
structural  homogeneity  obviously  undesirable. 

Again,  the  strengthening  treatment  generally  increases  in  a 
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marked  degree  the  hardness  of  the  metal,  and  hence,  imparts 
to  the  treated  parts  greater  resistance  to  wear.  Great  softness 
then,  cannot  be  generally  combined  with  great  strength,  nor  great 
strength  with  much  ductility.  Softening  and  strengthening  treat- 
ments must  necessarily  be  distinct  and  generally  of  opposite  nature, 
the  former  implying  slow  cooling  through  the  critical  range,  the 
latter  a  more  rapid  cooling.  Moreover,  the  maximum  strength 
the  metal  is  capable  of  acquiring  can  seldom  be  utilized  because 
of  the  lack  of  ductility,  if  not  actual  brittleness,  which  accom- 
panies it. 

The  strengthening  operation  must  be  so  conducted  as  to  yield 
such  combination  of  strength  and  elastic  limit  with  ductility,  as 
will  meet  the  requirements  of  the  case. 

The  Hardening  Treatment,  like  the  strengthening  treatment, 
consists  in  cooling  rapidly  through  the  critical  range. 

In  hardening  steel,  however,  the  primary  requirement  is  to 
produce  very  great  hardness,  while  overlooking  the  decrease  of 
ductility  implied.  Indeed,  as  a  rule,  we  use  all  possible  means 
to  hasten  the  cooling  because  of  the  greater  hardness  resulting. 

Even  when  implements  are  to  be  hardened  and  thereby 
deprived  of  much  of  their  ductility,  a  softening  treatment  pre- 
ceding the  hardening  treatment  may  often  be  applied  with  bene- 
ficial results  because  by  more  thoroughly  removing  the  forging 
or  rolling  strains  it  will  diminish  the  danger  of  cracks  occurring 
during  the  quenching  in  the  subsequent  hardening  treatment. 

The  rational  methods  of  conducting  these  three  treatments  may 
now  be  briefly  described. 

A.    SOFTENING  TREATMENT. 

Purpose. — To  soften  the  metal  in  order  to  facilitate  machin- 
ing; also  to  remove  the  strains  produced  by  forging  or  rolling. 

When  to  Apply. — After  forging  or  rolling,  but  before 
machining. 

Description. —  (a)  Heating  the  steel  to  900°  C.  (1652°  F.), 
maintaining  that  temperature  for  30  minutes  or  more,  cooling 
slowly,  for  instance  with  the  furnace  in  which  the  steel  was 
heated,  (h)  Heating  to  some  600-675°  C.  (1112-1247°  F. ) 
for  several  hours,  cooling  very  slowly,  (c)  Heating  to  some  800- 
850°  C.  (1472-1562°  F.),  quenching  in  oil,  then  treatment  h. 

Treatments  (h)  and  (c)  are  applicable  to  steels  containing 
0.8  per  cent,  carbon  or  more,  and  to  some  alloy  steels  which  are 
not  readily  softened  by  treatment  (a). 
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U.     STRENGTHENING    TREATMENT. 

Purpose. — To  increase  strength  and  elastic  limit  at  the  sacrifice 
of  some  ductility;  also  to  increase  hardness,  and,  in  some  cases, 
resistance  to  shock  and  to  fatigue  stresses  and  to  decrease  struc- 
tural orientation. 

irJioi  Applied. — Generally  after  machining  in  the  case  of 
machined  parts;  after  forging,  rolling  or  stamping,  if  the  objects 
are  not  to  be  machined. 

Deseription. —  (a)  Heating  to  50°  C.  (90°  F.)  above  the 
critical  range  of  the  steel,"  cooling  freely  in  air.  Steels  containing 
less  than  0.25  per  cent,  carbon  may  be  quenched  in  oil,  those  with 
less  than  0.15  per  cent,  carbon  in  oil  or  in  water,  (b)  Heating 
to  50^  C.  ('90''  F. )  above  the  critical  range  of  the  steel;  cjuench- 
ing  in  water  or  oil  (the  former  for  low  carbon  steel),  re-heating 
to  50"  C.  (90°  F.)  or  luore  lielow  the  critical  range,  cooling  in 
air,  oil  or  water. 

The  rate  of  cooling  from  a  temperature  inferior  to  the  critical 
range  does  not  generally  affect  the  proi)erties  of  steel  very  mate- 
rially ;  at  least  its  tensile  properties.  The  higher  the  temperature 
of  the  second  heating  the  less  tenacious  and  more  ductible  the 
metal. 

Some  nickel-chromium  steels,  however,  show  very  low  shock 
strength  under  impact  testing  after  heating  to  some  600°  C. 
(11 12  F.  )  folhnved  by  sloii'  eooliir/  as  compared  to  their  shock 
strength  after  quenching  from  that  temperature. 

While  treatment  (a)  often  yields  satisfactory  results,  treat- 
ment (b)  affords  a  means  of  securing  greater  strength,  as  well  as 
many  different  combinations  of  strength  and  ductility  to  meet 
diff'erent  requirements.  The  steels  so  treated,  especially  certain 
alloy  steels,  are  generally  also  more  resistant  to  shock  and  to 
fatigue  stresses.  There  is  little  if  any  advantage,  however,  in 
applying  treatment  (b)  in  preference  to  treatment  ((/)  to  carbon 
steels  containing  less  than  0.25  per  cent,  carbon. 

C.     HARDENING    TREATMENT. 

I^nrpose. — To  produce  very  great  hardness  while  sacriticing 
ductility  to  the  point  of  brittleness. 

When  .'Ipplied. — To  fmished  parts,  as  a  last  treatment,  or  to 
be  followed  by  grinding  only. 

Description. — Heating  to  50°  C.  (90°  F.)  above  the  critical 

'  Iltatinjs'  steel  slightly  above  it.s  critical  raiine  rcfmos  tlu-  stnutmc,  iieating 
it  to  a  much  liiglicr  temperature  coarsens  it. 
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raiiiie  of  the  steel,  cooling-  rapidly  in  water  or  oil.  generally  re-heat- 
ing to  200-400 -^  C.  (^ 392-732  '  F.  ).  an  operatitMi  known  as  tem- 
pering, which  is  applied  in  order  to  remove  or  decrease  the  severe 
strains  createil  by  the  sndden  cooling  while  losing  Init  little  hard- 
ness and  to  decrease  hrittleness.  The  higher  the  tem|>ering  tem- 
perature, the  greater  the  .softening  effect  of  the  operatiiMi. 

The  three  basic  heat  treatments  described  above  are  applicable 
to  alloy  steels  as  well  as  to  carbon  steels  bearing  in  mind  the 
marked  influence  of  some  elements  on  the  position  of  the  critical 
range.  Some  special  steels,  for  instance,  should  be  heated,  for 
the  purpose  of  strengthening  or  of  hardening,  to  temperatures 
considerably  lower  than  those  suitable  for  carbon  steel,  because 
of  the  lower  position  of  their  critical  range.  The  character  of 
the  operation,  however,  remains  the  same. 

Classification  of  Steel  According  to  Heat  Treatment  Required^ 
— According  to  the  heat  treatments  required,  steels  may  be 
classified  as  follows  :  -i 

(i)  Steels  soft  enough  to  be  readily  machined  and  strong 
enough  for  the  stresses  to  which  they  will  be  subjected  in  service. 
Heat  Treatment  Required." — None. 

(2)  Steels  soft  enough  to  be  readily  machined,  ])ut  lacking 
in  strength  or  in  hardness.  Treatment  to  he  Applied.^ — Strength- 
ening treatment  {a)  or  (6)  generally  after  machining,  and,  for 
hardness,  hardening  treatment. 

(3)  Steels  not  soft  enough  to  be  readily  machined  but  strong 
enough  for  the  uses  to  which  they  are  intended.  Treatment  to  he 
Applied. — Softening  treatment  (a),  {h)  or  (c)  followed,  gen- 
erally after  machining,  by  strengthening  treatment  (a)  or  (&), 
because  the  softening  treatment  will  generally  deprive  the  steel 
of  much  of  its  strength,  which  must  then  be  restored. 

(4)  Steels  neither  soft  enough  to  be  readily  machined  nor 
strong  enough  to  resist  stresses  in  service.  Treatment  Required. 
— Softening  treatment  (a),  (h)  or  (c)  followed,  generally  after 
machining,  by  strengthening  treatment  (a)  or  {h). 

It  will  be  noted  that  steels  of  classes  3  and  4  call  for  similar 
treatments. 

(5)  Steel  parts  which  should  be  very  hard  must  be  treated  by 

"  It  is  important  to  remember  that'  the  softening  treatment  is  also  bene- 
ficial in  removing  the  strains  caused  by  rolling  or  forging  and  that  for  these 
reasons  it  may  be  applied  with  good  results  even  to  steels  soft  enough  to  be 
readily  machined. 
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the  hardening  treatment  unless  they  already  possess  great  hard- 
ness, such  as  manganese  steel  and  air  or  self -hardening  steels, 
which  will  be  considered  later. 

As  already  stated,  it  is  beneficial  to  subject  to  a  preliminary 
softening  and  strains — removing  treatment  steel  parts  to  be 
hardened. 

When  for  economical  or  other  reasons  it  is  advisable  to  sub- 
ject forged  or  rolled  carbon  steel  to  but  a  single  heat  treatment, 
cooling  in  air  from  a  temperature  of  some  800-900°  C.  (1472- 
1652°  F. ),  according  to  its  carbon  contents,  is  generally  to  be 
recommended,  because  such  treatment  ( i )  leaves  the  steel  in  a 
condition  generally  soft  enough  to  permit  its  ready  machining 
(unless  it  be  very  high  in  carbon),  (2)  removes,  in  part  at  least, 
the  working  strains,  (3)  obliterates,  or  at  least,  mitigates,  the 
structural  orientation  and  (4)  yields  a  fair  proportion  of  the 
strength  combined  with  a  large  proportion  of  the  ductility  which 
the  metal  is  capable  of  acquiring. 

HEAT    TREATMENT    OF    CASE-HARDENED    PARTS. 

Case-hardened  parts  generally  recjuire  : 

1.  A  strengthening  and  toughening  treatment  for  the  core 
consisting  in  quenching  from  900  to  950°  C.  (1652-1742°  F.) 
followed  by 

2.  A  refining  and  hardening  treatment  of  the  case  consisting 
in  quenching  from  a  temperature  some  50°  C.  (90°  F. )  above 
the  critical  range,  which  for  carbon  steel  would  be  in  the  vicinity 
of  800°  C.  (1472°  F.).  Special  steels  with  lower  critical 
range  should,  of  coutse,  be  quenched  from  correspondingly  lower 
temperatures.  For  nickel  and  nickel  chromium  steels,  single 
quenching  from  some  800°  C.  (1472°  F. )  is  often  sufficient. 
After  quenching  for  hardening  the  case  the  parts  may  be  tem- 
pered at  some  200-300°  C.  (392-572°  F.)  in  order  to  diminish 
the  strains  and  the  brittleness  of  the  case. 

There  are  a  few  instances  of  special  steels  dcMuanding  treat- 
ments different  from  those  applicable  to  all  other  steels.  These 
exceptions  should  be  briefly  mentioned : 

Manganese  Steel. — A  steel  very  hard  and  wear-resisting,  c\cn 
after  slow  cooling.  To  make  it  duclile,  however,  it  should  be 
heated  to  1000°  C.  (1832°  F.)  or  thereabout  and  ciuenched  in 
water. 

Self-  or  Air-]uirdcniu(]  Steels. — These  steels  become  intensely 
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hard  on  simple  air  cooling  from  a  temperature  of  some  800  to 
850^^  C.  (1472-1562^  F.).  They  do  not  therefore  need  any 
hardening  treatment  and  they  may  be  softened  by  softening  treat- 
ment (b). 

High-speed  Steels. — These  steels,  in  order  to  acquire  their 
remarkable  physical  properties,  must  be  heated  to  a  very  high 
temperature  approaching  the  melting  point  of  the  metal  and 
quickly  cooled  in  air  or  in  oil.  They  may  then  be  tempered  at 
a  temperature  not  exceeding  generally  600°  C.  (1112°  F.).  To 
soften  these  steels,  in  order  to  machine  them,  they  may  be  heated 
to  750"-850"  C.  (1382 "-1562°  F.)  for  several  hours  and  very 
slowly  cooled. 

High  Xickel  Steels. — That  is,  those  containing  25  or  more 
per  cent,  nickel,  are  softened  by  quenching. 

APPLICATION  OF  THE  FOREGOING  CONSIDERATIONS  TO  THE  HEAT  TREAT- 
MENT OF  THE  STEELS  USED  FOR  THE  CONSTRUCTION  OF  AIRPLANE 
MOTORS.  1 

Adopting  the  classification  of  the  steels  used  in  the  construc- 
tion of  aviation  motors,  proposed  in  previous  reports  (Bulletins 
Mi  and  M4)  the  heat  treatments  they  should  receive  may  be 
inferred  from  the  rules  just  outlined: 

STEEL  type  I. 

Medium-hard  carbon  steel  containing  from  0.30  to  0.40 
per  cent,  carbon.  In  its  forged,  rolled  or  stamped  condition,  this 
steel  is  soft  enough  to  be  machined.  It  may  be  nevertheless  sub- 
jected to  a  softening  treatment  with  beneficial  results  for  the 
purpose  of  removing  the  working  strains  as  previously  explained. 

With  that  end  in  view,  it  should  be  heated  to  900°  C. 
(1652°  F.),  kept  at  that  temperature  for  30  minutes  or  more, 
and  cooled  slowly.  This  treatment  should  be  applied  logically 
before  machining. 

After  machining,  and  in  order  to  increase  their  strength  and 
elastic  limit,  as  well  as  their  resistance  to  shock,  to  wear,  and  to 
fatigue  stresses,  the  parts  should  be  subjected  to  strengthening 
treatments  (a)  or  (&),  bearing  in  mind  that  treatment  (b)  will 
yield  better  results  than  treatment  (a)  and  will  make  it  possible 
to  obtain  various  combinations  of  strength  and  ductility  to  meet 
various  requirements. 

For  treatment  (a)  heat  to  850°  C.  (1562''  F.)  and  cool  freely 
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in  air.  For  treatment  {b)  heat  to  850°  C.  (1562^  F.),  quench 
in  water  or  oil,  reheat  to  450-650°  C.  (842-1202°  F. ),  accord- 
ing to  requirements,  and  cool  slowly  or  in  water  or  oil. 

r  STEEL   TYPE    II. 

Low  carbon  steel  suitable  for  case  hardening,  containing  from 
0.05  to  0.15  per  cent,  carbon.  This  steel  in  its  forged,  or  rolled 
condition  can  be  very  readily  machined,  but  it  nevertheless  may 
be  subjected  to  a  softening  treatment,  in  order,  as  previously 
explained,  to  remove  working  strains.  With  that  end  in  view, 
the  steel  should  be  heated  to  950°  C.  (1742°  F.)  for  30  minutes, 
or  more,  and  cooled  slowly.  This  should  logically  be  done  before 
machining. 

The  case-hardened  parts  should  then  be  reheated  to  900°  C. 
(1652°  F. )  and  c|uenched  in  water  or  oil,  in  order  to  strengthen 
and  toughen  the  core.  They  should  then  be  heated  to  800°  C. 
(1472°  F. )  and  again  quenched  in  water  or  oil,  in  order  to  refine 
and  harden  the  case. 

They  may,  as  a  last  treatment,  be  heated  in  oil  to  200-300"  C. 
(352-572°  F.),  in  order  to  decrease  the  strains  and  brittleness 
of  the  case. 

STEEL   TYPE   III. 

Low  carbon  nickel-chromium  steel,  suitable  for  case-hardening, 
containing:  Carbon  not  over  0.15  per  cent.;  nickel  not  less  than 
2  per  cent. ;  chromium  not  less  than  0.50  per  cent. ;  and  total  nickel 
and  chromium  between  2.50  and  4  per  cent. 

While  in  its  forged  or  rolled  condition  this  steel  can  be  easily 
machined,  the  softening  treatment  may  be  applied  to  remove 
working  strains.  This  should  be  done  before  machining,  by 
heating  to  900°  C.  (1652°  F. )  for  30  minutes  or  longer,  and 
cooling  slowly. 

The  case-hardened  parts  should  be  : 

1.  Either  heated  to  800°  C  (1472°  F. )  and  ([uenclu'd  in  oil  or 
water  to  refine  and  harden  the  case,  or 

2.  Meated  to  900  C.  (1652"  V.)  and  (iiicnchcd  in  order  to 
refine  and  strengthen  the  core,  followed  hy  heating  to  775^  C. 
('1427"  F. )  and  (|uenching  to  refine  and  harden  the  case. 

After  the  last  (pienching  the  parts  may  he  tempered  by  heat- 
ing in  oil  at  200  '  to  300  (".  (  392-572"  l'". )  to  diminish  the  strains 
and  the  brittleness  of  the  ca.se. 
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STEEL  type  IV. 

Medium-hard  nickel-chromium  steel  containing :  0.30  to  0.40 
per  cent,  carbon;  2.50  to  3.50  per  cent,  nickel;  0.5  to  i  per  cent, 
chromium ;  3  to  4  per  cent,  total  nickel  and  carbon. 

This  steel  can  be  machined  in  its  forged  or  rolled  condition, 
but  a  softening  treatment  will  increase  the  ease  of  machining  and 
will  be  beneficial  in  decreasing  the  strains  caused  by  work. 

For  this  treatment,  which  should  be  logically  applied  before 
machining,  the  steel  should  be  heated  to  850-900°  C.  (1562  to 
1652^  F. )  for  30  minutes  or  more,  and  slowly  cooled. 

The  machined  parts  should  then  be  subjected  to  a  strengthen- 
ing treatment  consisting  in  heating  to  800°  C.  (1472°  F.)  fol- 
lowed by  air  cooling  or  preferably  to  the  double  treatment  con- 
sisting in  heating  to  800°  C.  (1472°  F. )  and  quenching  in  water 
or  oil,  followed  by  reheating  to  400  to  650°  C.  (752  to  1202°  F.) 
according  to  requirements,  and  quenching  in  oil  or  water. 

steel  type  v. 

Air-hardening  nickel-chromium  steel,  containing:  0.30  to  0.50 
per  cent,  carbon ;  3.00  to  4.50  per  cent,  nickel ;  0.50  to  2.00  per  cent, 
chromium ;  and  total  nickel,  chromium  and  carbon,  not  less  than 
5  per  cent. 

In  its  forged  or  rolled  condition,  this  steel  is  difficult  to 
machine.     It  should  be  subjected  to  softening  treatment  (6). 

The  machined  parts  should  then  be  either  cooled  freely  in  air 
from  a  temperature  of  850°  C.  (1562°  F. )  or  quenched  in  oil 
from  800°  C.  (1472°  F. )  and  reheated  to  300-600°  C.  (572- 
II 12-  F.)  according  to  requirements.  Air  cooling  suffices,  how- 
ever, to  impart  great  hardness  and  great  strength  to  this  steel. 

steel  type  VI. 

High  speed  steel,  suitable  for  exhaust  valves.  To  soften  this 
steel  in  order  to  permit  a  small  amount  of  machining,  it  may  be 
heated  to  750-850°  C.  (1382-1562''  F.)  for  several  hours  and 
cooled  very  slowly. 

The  valves  should  then  l)e  subjected  to  the  heat  treatment 
generally  applied  to  high  speed  steel,  namely : 

Heating  to  a  temperature  of  some  1200°  C.  (2192°  F. )  and 
cooling  in  air  or  in  oil.  This  may  be  followed  by  reheating  to 
500-600°  C.  (932-1112°  F. ). 

Vol.  188,  Xo.  11 24 — 15 
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Method  of  Turning  on  Steam  in  Large  Lines.  {Pozvcr,  vol.  1, 
No.  3,  p.  124,  July  15,  1919.J — Accidents  and  consequent  losses, 
both  direct,  and  indirect,  due  to  the  failure  of  steam  piping  and 
fittings  while  being  cut  into  service  when  steam  is  being  turned 
in,  have  apparently  all  been  due  to  expansion  strains  rather  than 
pressure  strains.  The  expansion  strains  which  caused  the  dam- 
age were  usually  different  from  those  which  were  present  after 
the  line  had  been  heated  to  full  temperature. 

A  further  analysis  discloses  the  fact  that  the  particular  form 
of  expansion  causing  the  trouble  has  been  in  most  cases  due  to 
the  presence  of  air  in  the  steam  line  at  the  time  steam  was  being 
turned  on.  Air,  having  approximately  twice  the  density  of  steam, 
remains  at  the  bottom  of  the  pipe  and  prevents  the  steam  from 
coming  in  contact  with  (and  thereby  expanding)  parts  of  the 
piping.  On  a  straight  run  of  horizontal  piping  the  result  has  a 
tendency  to  "  rainbow  "  the  piping.  This  has  been  proved  by 
actual  test.  The  further  result  of  this  action  is  to  put  a  heavy 
compression  strain  on  the  upper  half  of  all  joints  and  fittings  and 
a  corresponding  tensile  strain  on  the  lower  half.  This  trouble 
is  experienced  to  a  greater  extent  with  large  than  with  small  pip- 
ing. This  may  be  due  either  to  the  pipe  being  so  small  that  the 
air  and  steam  do  not  remain  stratified,  or  possibly  to  the  great 
flexibility  of  the  small  piping. 

The  method  of  turning  on  steam,  which  will  prevent  trouble 
of  this  kind,  is  as  follows : 

All  drains  and  air  vents  on  the  line  are  opened.  Steam  is 
turned  into  the  line  very  rapidly,  the  valve  being  opened  one- 
fourth  to  one-half  its  full  opening.  This  applies  not  only  to  low 
pressure,  but  to  high  pressure  as  well.  This  procedure  results 
in  driving  the  air  out  of  the  line  very  rapidly  and  allows  the 
pipe  to  heat  uniformly.  To  engineers  who  have  been  accustomed 
to  "  warming  up  "  slowly,  or  "  soaking  "  the  line,  this  method 
will  no  doubt  seem  dangerous,  but  the  results  obtained  from 
close  observation  and  actual  test  indicate  that  it  is  the  best  that 
can  be  followed. 

The  same  phenomena  take  place  in  starting  up  a  steam  tur- 
bine. In  the  Parsons  type  of  machine  where  the  blade  and  clear- 
ances are  small,  the  "  warming  up  "  method  of  starting  is  likely 
to  cause  blade  failures,  because  when  a  machine  is  standing  still, 
the  spindle  and  cylinder  "  rainbow  "  in  the  same  directit)n,  but  as 
soon  as  the  si)in(lle  revolves  one-half  a  revolution,  the  top  of  the 
spindle  (then  at  the  bottom),  luiless  the  clearances  are  large, 
rubs  the  bottom  of  the  cylinder.  The  new  method  is  to  open  the 
throttle  quickly  until  the  spindle  starts  to  revolve,  after  which 
the  throttle  is  almost  closed  again,  allowing  the  turbine  to  revolve 
slowly  mitil  the  heat  is  evenly  distributed. 
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The  following  is  an  analysis  of  the  effectiveness  of  gimbals 
of  various  designs  for  maintaining  a  horizontal  platform  on  ship- 
board, and  of  gyroscopic  stabilizing  of  such  devices. 

Gimbals  can  never  maintain  a  platform  absolutely  horizontal, 
for  there  always  wnll  be  a  certain  deviation. 

The  motion  of  the  ship  in  the  waves  can  affect  the  gimbals 
in  three  ways,  namely  by  reason  of  (i)  horizontal  motions  im- 
pressed upon  the  support,  (2)  vertical  motions  impressed  upon 
the  support,  and  (3)  tipping  of  the  support. 

If  the  friction  of  the  gimbals  about  the  pivots  is  small,  as  must 
always  be  the  case  in  a  good  design,  the  third  effect  is  entirely 
negligible.  The  second  effect  comes  in  only  when  the  supported 
platform  deviates  from  the  horizontal.  If  the  angle  of  deviation 
is  small,  as  it  must  be  in  a  case  of  practical  value,  the  second  effect 
is  also  negligible.  There  remains  to  be  considered  only  the  first 
point,  the  effect  of  moving  the  support  horizontally.  It  is  suffi- 
cient to  consider  a  single  plane  only,  as  motions  at  right  angles 
produce  independent  effects.  The  to  and  fro  motion  of  the  sup- 
port, due  to  rolling  or  pitching  of  the  ship  in  a  sea,  is  not  strictly 
harmonic.  It  is  usually  a  rough  beat  motion  which  can  be  con- 
sidered the  sum  of  two  sinusoidal  motions  of  somewhat  different 
frequencies.  Each  of  these  may  be  considered  separately  if  de- 
sired. To  a  first  approximation,  however,  it  is  sufficient  to  con- 
sider a  simple  harmonic  horizontal  motion  of  the  support.  Ob- 
viously the  motion  of  the  gimbals  does  not  react  appreciably  to 
affect  the  motion  of  the  ship,  hence  we  may  consider  the  motion 
of  the  support  to  be  an  undisturbed  sinusoidal  oscillation. 

PENDULUM. 

The  above  problem  is  hence  the  problem  of  considering  the 
motion  of  a  physical  pendulum  of  which  the  support  is  given  a 
sinusoidal  horizontal  motion. 

In  Fig.  T,  we  have  such  a  pendulum  located  by  the  coordinates 

*  Communicated  by  the  Author. 
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X  and  B,  where  x  is  caused  to  vary   in  accordance  with   the 
expression 

X  =A  sin  (j/ 

The  pendulum  has  constants 

m  =  total  mass 

h  =  length  from  centre  of  mass  to  support 
a  =  radius  of  gyration 

Fig    I. 


It  will  also  be  convenient  to  use  the  coordinate  y,  which  for  the 
small  values  of  ^  to  be  considered  throughout  is  given  by 

y  =  x-hQ 
ANALOGOUS  ELECTRICAL  CIRCUIT. 

The  formulas  for  forced  harmonic  motions  of  electrical  cir- 
cuits are  in  much  more  convenient  form  than  the  formulas  for 
mechanical  systems.  It  will  accordingly  he  convenient  to  solve 
first  the  electrical  circuit  which  is  analogous  to  the  mechanical 
system  of  our  problem,  and  then  to  interpret  the  results  on  the 
])r()l)lcm  itself. 
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We  will  consider  first  the  simple  pendulum  in  which 

a  =  b 

Such  a  pendulum  when  the  support  is  moved  in  accordance 
with 

.V  =  .4  sin  <Jt 

is  analogous  to  the  series  electrical  circuit  of  Fig.  3,  containing 
resistance  R.  inductance  L  and  capacity  C,  when  independently 

Fig  2. 


of  the  circuit  a  charge  is  supplied  to  the  condenser  in  accordance 
with 

q  =  Q  sin  ut 

This  will  be  true  when  we  have  in  a  pair  of  leads  connected  across 
the  condenser,  the  current 

t  =  -j  =  Q<^  COS  (j/ 

Using  the  vector  notation  this  would  be  written 

I  =j  Qu 
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If  /j  is  the  vector  current  in  the  inductance,  we  may  write  the 
relation  between  /j  and  /  by  considering  that  /  divides  into  parts 
proportional  to  the  admittances  of  the  two  branches.    That  is 


j  Oo  + 


/.=  / 


7?  +ilc 


jQ'- 


R  +jLw 


i-L  Ct^-  -\-jRCu        i-L  Cw-  +j  RCt^ 


TRANSFER    TO    MECHANICAL    SYSTEM. 


Considerable  care  must  be  used,  in  interpreting  this  result  on 
the  mechanical  system,  to  obtain  exact  analogues. 

We  have  already  set  the  maximum  quantity  Q  analogous  to 

Fig.  3. 


the  maximum  displacement  A.  Hence  the  current  in  the  leads  is 

analogous  to  — ~  or  x.   If  a  displacement  A  is  produced,  and  the 

centre   of   mass  is   simultaneously  prevented    from   leaving  the 
centre  line,  there  will  be,  for  a  small  angle  6,  a  back  force  produced 

equal  to  ^  A,  a.s  can  be  seen  from  Fig.  4.    Analogously  in  the 

electrical  circuit  if  a  charge  Q  is  introduced  through  the  mains, 
and  the  branch  circuit  is  open  st)  that  this  affects  the  condenser 

only,  there  will  be  a  back  electromotive  force -y^.    We  thus  have 

C  analogous  to  — 
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The  kinetic  energ}-  of  the  mechanical  system  in  the  case  of  a 
pendulum  with  concentrated  bob  is 

m  {x-bey 
2 
and  the  energy  stored  in  the  magnetic  field  of  the  electrical  sys- 
tem is 

Lr 


Hence  L  and  ;;/  are  analogous ;  and  /\  corresponds  to  (x  -bO)  or  y, 
that  is  to  the  net  horizontal  speed  of  the  centre  of  the  bob. 

Fig.  4. 


The  frictional  constant  F^  which  is  the  force  which  occurs 
when  the  bob  moves  at  unit  net  constant  speed,  corresponds  to  the 
resistance  constant  R  which  is  the  force  arising  when  unit  steady 
current  flows  in  the  branch  circuit. 

We  may  make  the  analogy  more  apparent  by  writing  the 
differential  equations  for  the  two  systems. 

For  the  mechanical  system,  equating  the  forces  on  the  bob, 
we  have 


my   +   F  y  =  m  gO 


which  may  be  arranged 


m  y  +  F  y  -\ r  y  =   -r  -^  sm  (^t 

0  0 


204  V.  Bush.  [J- f.  I. 

For  the  electrical  system,   summing  the  voltages  about  the 
circuit 

L  zi  +  i?  M  +  M  (n-ij  dt  =  o 
which  becomes  upon  dififerentiating  and  substituting 

L  ii  +  R  ii  -\-  -~  ii  =  —  Qoi  cos  o>l 

Place  side  of  this  the  derivative  of  the  equation  for  the  mechani- 
cal system 

my-'rFv-\--^y=    -^  Au  cos  ul 
b  0 

and  we  may  read  off  immediately  the  analogies 


F 
h_ 
mg 

A 


ii 
L 
R 

C 

Q 


Inserting  these  quantities  in  the  expression  above  for  the  electri- 
cal circuit,  we  obtain  for  the  mechanical  system 


y  =  


or 


i  mg 


i<j2        .  Fb(^ 

I +J 

g  fng 


and    since  y  =  x-bO,  and  x  -  A  sin  w  t, 

A 


H  =  L  /A- 


g  mg 

We  are  interested  in  the  maximum  value  to  which  0  attains,  and 
hence  in  the  maximum  value  of  the  above  vector  expression, 
which  becomes  when  simplified 


Umax  =  — 
n 


.^|[(-7r-(-7V(^)i^r^)■ 


(-yy^(^"y 


This  formula  checks  dimensionally,  thus  affording  an  indi- 
cation that  the  substitutions  have  been  made  correctly. 


Aug..  1919]  GiMBAL  Stabilization.  205 

When  the  frictioiial  force  is  zero  it  reduces  to 

.1 

Omax  =  g 

10- 

These  formulas  hold  only  for  small  values  of  ^,  and  the  absolute 
value  of  the  result  should  be  considered  irrespective  of  sign. 

When  there  is  resonance,  that  is  when  the  period  of  oscillation 
is  the  same  as  the  natural  period  of  the  pendulum,  which  will 
occur  when 


we  have 


"ii-  =  o, 


and  the  formula  shows  that  a  large  angle  may  result  from  even  a 
small  amplitude  of  oscillation  of  the  support.  On  the  other  hand, 
when  b  is  very  long,  the  angle  of  deviation  is  nearly  zero. 

In  the  above  the  frictional  force  is  assumed  proportional  to 
y,  that  is  to  the  net  velocity  of  the  bob  through  the  medium ;  and 
the  friction  of  the  pivot  is  considered  negligible,  as  must  be  the 
case  if  tipping  of  the  support  is  not  to  affect  the  pendulum.  In 
many  practical  cases  it  is  nearer  the  truth  to  consider  the  frictional 
force  to  be  proportional  simply  to  bO,  that  is  to  consider  that  the 
medium  moves  with  the  support. 

If  this  assumption  is  made,  the  differential  equation  for  the 
mechanical  system  becomes 

tnp  wp 

m  y  +  F  y  -\ — r^y=    7^^'-'  cos  ojt  -  F  A  i-fl  sin  <->/ 
0  b 

In  Fig.  3,  if  we  alter  the  current  leads  to  be  connected  across 
the  coil  alone,  instead  of  the  coil  and  resistance,  the  equation  for 
the  circuit  becomes 

L  i\  +  Ri\  +  —  ii  =  -p;  Q'')  cos  <j/  -  RQi^fl  sin  <^/ 

The  same  analogy  thus  holds  as  before,  and  if  this  new  circuit 
be  solved,  and  the  substitutions  made,  we  obtain  for  the  maximum 
deviation  for  the  assumption  that  the  medium  moves  with  the 
pivot  : 

^max  = 


which  reduces,  upon  setting  F  -  o,  to  the  same  simple  formula 
for  the  frictionless  case. 
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PHYSICAL  PENDULUM. 

We  will  now  consider  the  case  where  all  of  the  mass  cannot 
be  considered  as  concentrated  at  a  point,  as  is  the  case  for  the 
systems  shown  in  Figs,  i  and  2. 

The  peculiarity  of  this  case  is  that  there  may  be  kinetic  energy 
stored  in  the  system  even  when  the  centre  of  mass  is  not  moving. 
li  X  and  0  are  both  increasing  in  such  a  manner  that 

y  —  X-  W 

is  zero,  there  still  is  a  kinetic  energy  of  rotation  about  the  centre  of 
mass.  If  "a"  is  the  radius  of  gyration  about  the  pivot,  the  radius 
of  gyration  about  the  centre  mass  at  a  distance  "6"  from  the  pivot 
will  be 

Va^  -  b^ 

and  the  above  kinetic  energy  will  hence  be  equal  to 

m  

2 

Consider  now  the  circuit  of  Fig.  5,  in  which  there  is  added 
the  inductance  "  1  "  in  series  with  the  condenser.  The  circuit 
may  store  energy  in  a  magnetic  field  even  when  there  is  no  cur- 
rent in  the  branch  circuit,  that  is  when 

i\  =  0  . 

An  analogy  with  the  mechanical  system  may  be  set  up  for  this 
circuit  exactly  as  before,  and  by  the  same  reasoning  as  above  used 
we  have 

Electrical  Mechanical 


Q 

i 
ti 

c 


A 

X 

x-W 

be 

b/mg 


Now  when  i^  =  0,  the  energy  in  the  magnetic  field  is 

2 
and  we  see  that  if  this  is  to  correspond  to  the  kinetic  energy  above 
when  1*2  is  set  equal  to  bB  we  must  have 

Electrical Mechanical 

If  now  bO  is  taken  as  zero  so  that  we  have  simply  translation,  the 
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kinetic  energ}-  is  ^        Also,  i  f  io  is  zero  so  that  i  =  ii,  the  magnetic 
energy  is    — .   and  since  i  and  .r  are  analogous,   we  have 

Electrical  Mechanical 


as  before. 


Fig.  5. 


l| 


We  may  check  the  consistency  of  our  analogy  as  follows :  In 
the  electrical  system  assume  i  =  0,  and  hence  ii  =  iz.  The  mag- 
netic energy-  is 

(L  +  /)  tV 
2 

Similarly  in  the  mechanical  system,  assume  the  pivot  at  rest,  and 
the  pendulum  simply  rotating.    The  kinetic  energy  is  then 

m  — 
2 

Hence  we  must  have  the  analogy 


But  we  already  have 
so  that  we  must  have 
but  this  reduces  to  simply 


L  +  I 
I 

L 
L 


b-^ 


b^ 


a^-_b^ 
b^ 
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as  before,  giving  us  a  check  on  the  analogy  as  far  as  this  part  of 
the  circuit  is  concerned. 

Now  in  the  electrical  system  we  have 

+ 


J  Iw   ^ r-p; 

J    Co) 


=  jQo, 


R  +  jLw 

I  -  /rw« 


I-  (/  +L)  C«2    +jRCoi 
Hence  by  analogy  in  the  mechanical  system  we  have 


Y  --= 


bg  n  g 

and  from  this  by  the  same  process  of  reduction  as  used  before,  we 
rnay  obtain  for  the  case  of  the  medium  at  rest : 


\bg    )     '^  \mg) 


Umax  =    „ 

B  a^ 


It  will  be  noted  that  this  formula  reduces  to  the  one  derived  for  a 
simple  pendulum  when  a=h,  and  also  that  it  is  dimensionally 
correct. 

When  F  =  0  it  reduces  to 

A 
Bmax  =y?       g 

a' 
This  formula  is  particularly  interesting  in  showing  that  wlien   ^ 

is  large,  that  is  with  a  pendulum  of  large  radius  of  gyration, 
mounted  only  slightly  away  from  its  centre  of  mass,  the  angle  of 
deflection  wiH  be  very  small.  .Vlso  resonance  may  \y^  obtained 
exactly  as  before,  the  frequency  of  oscillation  in  this  case  l^eing 


1     /i* 

2ir  \    a« 


GYROSCOPIC   STABILIZATION. 


The  effect  of  a  very  l(Mig  pcnduhun  may  l>e  obtained  in  an 
instrument  of  .small  dimensions  by  the  use  of  the  gyroscope. 

An  arrangement  of  this  sort  is  shown  in  Fig.  6.    The  size  and 
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speed  of  gyro,  and  the  strength  of  the  restoring  spring,  determine 
the  constants  of  the  equivalent  pendulum. 

Assume  first  that  the  weight  of  the  frame  can  be  neglected  in 
comparison  with  the  gyro. 

Let  the  g>'ro  be  of  such  size  and  speed  that  a  unit  torque 
about  the  pivot  causes  precession  at  the  rate  oi  p  radians  per  sec- 
ond. Let  the  spring  be  of  such  strength  that  a  displacement  of 
the  g>'ro  of  one  radian  brings  to  bear  on  the  gyro  a  restoring 
torque  s.  Let  the  centre  of  gravity  of  the  system  be  a  distance  c 
below  the  pivot,  and  let  the  mass  of  the  system  be  M. 

Fig.  6. 


I 


Consider  the  system  initially  displaced  through  a  small 
angle  <t>,  the  gyro  being  in  mid  position.  A  torque  Mgc4>  acts  on 
the  gyro,  and  it  precesses  at  a  rate 

Mgcpip  radians  per  second. 
The  spring  then  exerts  a  restoring  torque 

sfMgcpip  dt 
and  under  its  influence  the  gyro  precesses  about  the  pivot  at  a  rate 

Mgscp^j<l>  dl  radians  per  second. 
That  is 

d9 


or 


dt 


dt^ 


=  -  Mgscp^f<t>dt 
=  -  Mgscp^<p 


The  pendulum  will  then  oscillate  in  accordance  with  the  formula 

9  =  ©0  sin  p\/  Mgscl 


2IO  V.  Bush.  [J.  f.  I. 

If  6  is  the  length  of  the  centre  of  gravity  of  the  equivalent  physi- 
cal pendulum,  and  a  is  its  radius  of  gyration  we  have 


g{Mscp-) 
from  which 


V«'   V 


b         Mscp'^ 
Disregarding  friction  we  may  then  write  for  the  maximum  devia- 
tion of  the  pendulum  from  the  vertical  when  the  support  is  moved 
harmonically  a  distance  A  either  side  of  the  centre  position 

A 
Omax  =  a-        g 

or 

^max  = 


I       _  1 
Mscp^      w^ 

The  rate  of  precession  of  a  g>'roscope  is  given  by 
^        IV 


where 


and 
Letting 


ip  is  the  angular  velocity  of  precession, 

/  is  the  polar  moment  of  inertia  of  the  wheel, 

V  is  the  angular  velocity  of  the  wheel, 


T  is  the  applied  torque. 


T  =  I 


we  have  p  -  -^ 

from  which 

and  thus 


b         Msc 


f>max  = 


!1}^  _  R. 

Msc       co- 
in order  to  lind  a,  assume  the  pendulum  to  l)e  hanging  vertically, 
with  the  gyro  in  its  mid  position.  Suppose  now  we  apply  a  torque 
T  to  deflect  the  pendulum  from  its  central  position.  The  gyro  first 
])recesses  at  a  rate 

V'  =    ..^  radians  per  second, 
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whereupon  the  restoring  spring  exerts  a  restoring  torque  equal  to 

sTt 

which  in  turn  results  in  a  precession  in  the  direction  of  the  applied 
torque  at  a  rate 

sTt 


pyi 


„  radians  per  second. 
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The  angular  acceleration  is  thus 

sT 

liyi 

If  we  consider  a  physical  pendulum  of  mass  M  and  radius  of 
gyration  a  acted  upon  by  torque  T,  the  angular  acceleration  will  be 

T 
Ma} 
Hence  we  have 


V. 

Bush 

a' 

7272 

b 

sMc 
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and  since  from  the  above 


it  follows  that 

b  =  c 
Thus  the  effect  of  the  gyroscope  is  simply  to  cause  the  equiva- 
lent radius  of  gyration  of  the  system  to  be  increased  to  the  value 

IV 

a  =  — =■ 
y/sM 

Usually  with  gyroscopic  stabilizing—^  will  be  so  small  that 

only  the  gyroscopic  effect  need  be  considered,  and  unless  w  is  very 
small  we  may  write  approximately 

^  ^  ,^      ,        AMsc 

Omax  =  A  Mscp^  '=  , 

EXAMPLES. 

In  the  following  illustrative  examples  we  will  consider  two 
cases. 

Case  No.  i  is  intended  to  be  typical  of  what  will  be  found  on 
smaller  boats.  The  roll  is  considered  regular  and  30°  each  side 
of  the  vertical,  occurring  with  a  period  of  five  seconds.  The 
instrument  is  assumed  mounted  at  a  distance  of  4  feet  above  the 
axis  about  which  the  craft  rolls.  We  then  have  in  terms  of  feet 
and  seconds 

A  -  2  w  =  2  TT  .2 
and 

:c        2  sin  1.256/ 

Case  No.  2  is  intended  to  represent  a  large  ship.  The  roll  is 
considered  to  be  15°  either  side,  with  a  period  of  15  seconds,  the 
instrument  mounted  20  feet  above  the  centre  of  roll. 

Then  ^ 

A  =  5.2  ,     w       — 
0  15 

and 

X       5.2  sin  .41H/ 
SIMPLE  PENDULUM. 

Consider  first  a  simp'c  pciululmii,  ;iiul  neglect  fricti(Mi.  The 
maximum  angle  of  deviation  is  given  by 

A 

I  mux 

h-    I 
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The  results  of  cotiiputation  tor  various  values  of  b  are  plotted 
on  Plate  I  for  the  two  cases  above. 

The  curves  show  that  in  Case  No.  i  a  pendulum  of  reasonably 
short  length  will  deflect  about  5  degrees  while  a  pendulum  15  feet 
long  will  deviate  an  amount  greater  than  twenty  degrees,  so  much 
in  fact  that  the  formulas  no  longer  hold  even  approximately. 

In  Case  No.  2  the  deflection  for  a  short  pendulum  will  be  about 
1.5  degrees,  this  deflection  l^ecoming  large  as  the  length  of  pendu- 
lum approaches  183  feet. 

Plate  II. 
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■b'Casell. 

This  example  shows  conclusively  that  a  simple  pendulum  of 
reasonable  length  swung  in  frictionless  gimbals  on  board  ship 
cannot  be  expected  to  remain  vertical  within  several  degrees. 

PHYSICAL    PENDULUM. 

As  a  second  example  consider  a  fly  wheel  with  heavy  rim 
swung  slightly  off  centre.  Suppose  the  radius  of  gyration,  which 
will  be  approximately  the  mean  radius  of  the  rim,  to  be  i  foot, 
and  disregard  friction. 

The  formula  now  is 

f^max  =^    — „ 
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On  curve  sheet  2,  are  plotted  the  resuks  with  this  fly  wheel 
suspended  various  distances  off  centre. 

Considering  Case  No.  i  we  see  that  when  the  distance  off 
centre  is  several  inches,  the  deviation  is  several  degrees,  as  with 
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the  simple  pendulum.  If  the  eccentricity  is  shortened  the  angle 
becomes  larger,  and  at  one  inch  is  about  15  degrees,  if  "6"  is 
made  very  small,  however,  conditions  improve,  and  when  b  is 
.12  inches  the  deflection  is  1.4  degrees.    If  /?  is  made  .ot  inches 
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the  deflection  will  be  in  the  neighborhood  of  .1  degree.  In  this 
latter  case,  however,  there  would  not  be  probably  enough  eccen- 
tricity to  properly  overcome  friction.  For  Case  No.  2  conditions 
are  even  less  favorable.  It  will  thus  be  seen  that  even  using  a 
massive  pendulum  it  would  be  difficult  to  design  in  such  a  manner 
that  very  small  deflections  would  result. 

USE  OF  GYROSCOPE 

Let  us  now  consider  the  use  of  the  gyroscope  for  stabilizing. 
Suppose  the  g>"ro  wheel  to  weigh  i  pound,  with  a  radius  of  gyra- 
tion of  .25  feet,  revolving  at  speeds  up  to  5000  r.  p.  m.  Suppose 
the  mass  of  the  whole  system  to  be  two  pounds,  with  a  centre  of 
gravity  .5  feet  below  the  support.  Suppose  the  restoring  spring 
to  be  of  such  strength  that  when  the  gyro  is  deflected  through  i 
radian  or  57  degrees  it  exerts  a  force  of  .05  pounds  at  a  lever  arm 
of  .1  foot. 


Then 


The  formula  is 


c  =  .5 
M=  2 
5    =.005 


Omax  = 


Msc 

and  for  the  values  of  the  example : 
Case  No.  i 

Omax 


.78  F*  -  20.4 

Case  No.  2 

Omax  =  — 

.78  72-183.6 

On  Plate  III  are  plotted  curves  for  this  example  for  speeds  up 
to  5000  r.  p.  ni.,  that  is  up  to 

V  =^  =  524  radians  per  second. 

60 

It  will  be  noted  that  at  this  highest  speed  the  maximum  deflection 
in  the  two  cases  is  .0005  and  .0014  degrees,  respectively.  Thus 
practically  complete  stabilization  is  obtained. 

Medford  Hillside,  Mass., 
Nov.  8,  1918. 
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Hydro-Electric  Development  in  Ontario.  {The  Canadian 
Engineer,  vol.  xxxvi,  p.  529,  June  12,  1919.) — Sixty  thousand 
horsepower  will  be  developed  on  the  Nipigon  River,  about  sixty 
miles  northeast  of  Port  Arthur,  by  the  Hydro-Electric  Commis- 
sion of  Ontario,  and  it  is  expected  that  by  June  of  next  year  two 
12,000  h.p.  units  will  be  in  operation.  Propositions  from  several 
leading  water  turbine  builders  are  now  being  considered,  and 
after  the  contract  for  the  "  wheels  "  is  let,  which  may  be  within 
the  next  two  or  three  weeks,  definite  plans  will  be  completed  and 
active  work  will  be  commenced  at  the  site  of  the  new  power 
house. 

The  Nipigon  River  flows  from  Lake  Nipigon  to  Lake  Supe- 
rior, a  distance  of  about  32  miles.  The  normal  elevation  of  Lake 
Nipigon  is  852  ft.,  and  of  Lake  Superior,  602  ft.  There  are  at  least 
four  power  sites  on  the  river,  all  of  which  will  ultimately  be  devel- 
oped by  the  Commission.  Between  Lake  Nipigon  and  Emma 
Lake  are  Virgin  Falls,  Rabbit  Rapids  and  Devil  Rapids,  where 
the  total  head  for  development  through  Hannah  Lake  would  be 
42  ft.  South  of  Emma  Lake  are  Flat  Rock  Rapids,  White  Chute 
and  Pine  Portage  Rapids,  with  a  head  of  55  ft.  South  of  Lakes 
Maria  and  Jessie — near  Cameron's  Pool — are  two  sites.  The 
upper  site  affords  65  ft.  net  head  and  the  lower,  53  ft.  The 
upper  site  at  Cameron's  Pool  is  considered  to  be  the  most  advan- 
tageous one  on  the  river,  and  naturally  will  be  developed  first. 

The  design  of  the  proposed  plant  includes  a  regulating  dam 
that  can  raise  the  river  level  to  the  elevation  of  Lakes  Maria  and 
Jessie,  which  will  form  natural  storage  reservoirs.  It  is  esti- 
mated that  a  peak  load  of  60,000  h.p.  can  be  taken  care  of  by  the 
normal  flow,  and  that  is  the  size  of  the  plant  that  will  be  built. 

The  initial  installation  will  be  two  units,  each  12,000  h.p.,  but 
three  more  will  be  installed  at  a  later  date.  Single  runner  vertical 
water  turbines  will  be  direct-connected  to  3-phase,  60-cycle,  12,000- 
volt,  internal  revolving  field  generators,  each  10,600  k.v.a.  (80  per 
cent,  factor,  maximum  rating).  The  generators  will  be  arranged 
for  parallel  operation  and  will  sup])ly  light,  heat  and  industrial 
power  on  the  Commission's  "  Nipigon  System."  This  develop- 
ment is  further  west  than  any  other  yet  undertaken  by  the 
Commission. 
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INTRODUCTORY. 

The  term  "  Photometric  Scale  "  is  here  used  to  include,  in 
reference  to  photometry,  the  same  kind  of  collection  of  constants, 
fixed  points,  methods,  etc.,  as,  in  reference  to  thermometry,  go 
to  establish  and  maintain  the  thermometric  or  temperature  scale. 
Such  a  scale,  rationally  based,  and  adequately  specified,  is  neces- 
sary in  any  branch  of  exact  science,  to  insure  agreement  of  results 
among  different  workers,  and  to  give  their  results  scientific  and 
practical  value  when  obtained. 

A  complete  photometric  scale  has  been  established  and  pul)- 
lished  by  the  present  writer  during  the  past  few^  years.  It  involves 
the  following  factors : 

1.  Conditions  of  observation. 

2.  Method  of  choosing  observers. 

3.  Relative   luminous  values  of   radiant  energy  of  various 

wave-lengths. 

4.  The  value  of  the  lumen  in  terms  of  the  w-att  of  luminous 

flux. 

5.  Standards  of  luminous  intensity. 

6.  Standards  of  color  difference. 

These  factors  have  been  interchecked  until  complete  agree- 
ment and  consistency  have  been  obtained — an  essential  procedure 
if  photometric  methods  are  to  be  used  in  accurate  scientific  work. 
As  the  scale  now  stands  it  provides  complete  and  practical  means 
for  the  precision  measurement  of  the  luminous  values  of  all  kinds 
of  light  sources. 

Since  its  first  publication  a  number  of  years  have  elapsed,  in 
which  time  additional  data  have  been  collected,  both  by  the 
writer  and  by  others  (notably  at  the  Bureau  of  Standards), 
which  now  make  it  possible  to  fix  the  constants  of  the  scale  with 
somewhat  greater  exactness.  It  is  the  purpose  of  the  present 
article  to  gather  together  in  one  place  all  the  recommendations 
and  data  w^hich  constitute  this  scale,  bringing  them  completely 
up' to  date.^ 

*  Communicated  bv  the  Author. 
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I.  CONDITIONS    OF    OBSERVATION. 

Since  the  relative  luminosity  of  the  various  colors  is  a  con- 
tinuously varying  function  of  brightness  and  field  size,  it  becomes 
necessary  to  choose  certain  conditions  as  standard  conditions  of 
measurement.  The  brightness  and  field  size  selected  should  be 
representative  of  useful  working  conditions.  The  measuring 
method  should  be  a  practical  one,  of  as  high  precision  as  possible. 

As  a  result  of  comprehensive  studies  the  writer  ^  has  been 
led  to  recommend  the  use  of  a  field  brightness  of  2.5  milli-lam- 
berts,  and  a  field  size  of  two  degrees  diameter.  This  brightness 
is  about  as  high  as  can  be  easily  handled  with  the  photometric 
standards  in  ordinary  laboratory  use.  It  is,  however,  at  the  lower 
limit  of  modern  working  illuminations,  and  considerably  below 
normal  daylight  illuminations.  This  latter  objection  is  offset  by 
the  use  of  the  small  field,  which  has  the  effect  of  shifting  the 
equivalent  illumination  upward,  so  that  the  final  condition  does 
correspond  to  modern  working  illuminations. 

A  very  great  advantage  of  the  choice  of  these  conditions  is 
that  under  them  the  extremely  practical  and  precise  flicker  pho- 
tometer yields  (at  infinitely  less  trouble)  the  same  results  as  are 
derived  from  the  less  precise  method  of  juxtaposed  fields  or 
direct  comparison,^ 

The  complete  specifications  for  the  conditions  of  observation 
for  precision  photometry  on  the  scale  under  discussion  are  then  : 

A  photometric  field  of  ttvo  degrees  diameter,  a  field  bright- 
ness of  2.5  milli-lamherts.  ( A  ) 

The  use  of  the  flicker  photometer  is  recommemled.* 

II.  METHOD  OF  CHOOSING  OBSERVERS. 

No  agreement  between  different  laboratories,  nor  useful 
photometric  results  corresponding  to  an  average  eye,  can  be  ob- 
tained without  some  standardized  method  of  picking  observers 
whose  color  vision  is  normal  or  averages  normal.  The  ideal 
method  of  choosing  observers  would  be  to  obtain  the  luminous 
efficiency  curve  of  the  spectrum  for  each  member  of  the  labora- 
tory staff,  and  pick  the  men  to  be  used  by  comparison  with  an 
established  average  luminous  efficiency  curve.  The  lal)or  in- 
volved in  such  a  procedure  makes  it,  however,  impracticable  for 
general  use. 

As  an  alternative  simpler  method,  the  author  has  proposed  '^ 
the  measurement  by  each  prospective  observer  of  an  arbitrary 
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color  difference  whose  value  for  the  average  eye  has  been  estab- 
lished by  numerous  observations.  Only  those  observers  should 
be  used  who  are  normal,  or  who  form  a  group  which  averages 
normal. 

The  color  difference  proposed  was  that  furnished  by  placing 
over  a  "  4- watt  "  carbon  lamp  two  inorganic  salt  solutions  in 
layers  one  centimetre  thick,  whose  composition  was  such  that  the 
absorptions  were  equal  for  the  average  eye.  The  group  to  be  used 
in  any  color  difference  measurement  was  then  such  a  group  that 
their  average  reading  of  the  two  solution  transmissions  was 
equality. 

The  original  solutions  were  worked  out  on  the  basis  of 
measurements  made  on  61  observers.  At  a  later  date,  Crittenden 
and  Richtmyer  at  the  Bureau  of  Standards  ®  made  measurements 
upon  about  double  this  number  of  observers,  and  as  a  result 
found  a  slight  change  necessary  in  the  ratio  of  transmissions. 
This  in  turn  indicated  a  change  of  composition  in  order  to  give 
two  solutions  of  equal  transmission.  Making  this  change  in 
composition,  the  method  of  choosing  observers  may  now  be 
specified  as  follows : 

Ohserz'crs  for  making  color  difference  comparisons  shall  he 
selecetd  by  measurements  on  two  test  colors.  The  constitution  of 
the  YELLOW  test  color  is 

y2  grams  potassium  bichromate  to  one  litre  of  water.  The 
constitution  of  the  BLUE  test  color  is 

57  grams  copper  sulphate  to  one  litre  of  water. 

The  group  of  observers,  preferably  not  less  than  five  in  num- 
ber, should  obtain  an  average  value  of  unity  for  the  ratio  of  the 
transmissions  of  these  test  color  solutions  when  used  over  a  "  4- 
watt"  carbon  lamp.  (B) 

Details  as  to  the  technic  of  preparing  the  solutions,  the  choice 
of  tanks,  and  the  temperature  coefficients,  may  be  obtained  from 
the  original  publications.^'  ^ 

ni.  RELATIVE   LUMINOUS    VALUE   OF   RADIANT    ENERGY    OF   VARIOUS 
WAVE  LENGTHS. 

An  essential  part  of  the  photometric  scale  is  the  relation  be- 
tween radiant  energy  and  luminous  energy,  for  all  colors,  or  the 
luminous  efficiency  curve  of  the  spectrum.  Only  by  an  exact 
knowledge  of  this  can  light  and  energy  be  coordinated,  and  pho- 
tometry become  a  really  precise  branch  of  science.     It  should  be 
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self-evident  that  the  luminous  efficiency  curve  must  be  obtained 
by  the  same  photometric  method  as  is  used  in  the  photometry  of 
the  integrated  luminous  fluxes. 

In  the  scale  as  published  by  the  v^riter  the  luminous  efficiency 
curve  was  arrived  at  by  empirical  variation  of  a  curve  obtained 
by  direct  measurement  with  a  limited  number  of  observers.    The 
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variations  were  made  in  the  constitution  of  a  "  luminosity  curve 
solution  "  used  with  a  non-.selective  radiometer  to  form  a  precision 
physical  photometer,  and  the  modified  curve  was  checked  by 
measurements  on  the  "  test  colors  "  and  on  a  large  range  of  black 
body  colors,  until  it  gave  results  completely  agreeing  with  the 
visual  method. 
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With  the  sHght  change  of  composition  made  necessary  in  the 
test  color  sohitions  by  the  measurements  on  a  larger  number  of 
observers,  a  corresponding  change  was  called  for  in  the  luminous 
efficiency  curve.  This  was  made  by  an  empirical  change  in  the 
composition  of  the  physical  photometer  solution,  and  published 
some  time  since.*  without,  however,  any  figures  on  the  spectral 
character  of  the  change  resulting. 

Fig.  I. 
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Luminous  efficiency  of  the  spectrum. 

Dotted  line — Physical  photometer  solution. 
Dashed  line — Nutting's  curve  as  revised. 
Full  line — Calculated  from  3-term  expression. 

There  has  recently  been  made,  through  the  courtesy  of  the 
Bureau  of  Standards,  a  precision  measurement  of  the  spectral 
transmission  of  this  revised  luminous  efficiency  curve  solution. 
This  measurement  was  made  by  both  visual  and  photo-electric 
spectroradiometry,  arid  is  probably  considerably  more  accurate, 
especially  at  the  blue  end  of  the  spectrum,  than  the  measure- 
ments made  and  published  on  the  earlier  solutions.  The  results 
of  this  measurement  are  listed  in  Table  I,  and  are  plotted  (dotted 
line)  in  Fig.  i. 
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In  comparing  this  with  the  earher  curve  (which  hes  further 
toward  the  red)  and  with  other  pubHshed  curves,  the  interesting 
fact  was  discovered  that  it  almost  exactly  agrees  with  the  one 
obtained  by  Doctor  Nutting  some  years  ago,  using  substantially 
the  photometric  method  here  outlined,  although  with  a  random 
group  of  21  observers.  Nutting's  curve  as  originally  published 
did  not  prove  suitable  as  tested  on  the  physical  photometer,^"  but 
it  has  since  been  revised  as  the  result  of  later  data  on  the  energy 
distribution  of  the  light  source  used,  and  it  is  this  revision  which 
(kindly  furnished  by  Doctor  Nutting),  as  shown  by  the  dashed 
curve  in  Fig.  i,  is  practically  coincident  with  the  lately  obtained 
luminous  efficiency  curve  solution  transmission.  The  difference 
in  the  blue  is  to  be  decided  in  favor  of  Nutting's  curve,  since  the 
physical  photometer  tests  would  be  inadequate  to  detect  a  defi- 
ciency of  this  sort. 

The  significance  of  this  agreement  is  that  each  curve  supple- 
ments the  other.  Nutting's  curve  was  obtained  with  a  group  of 
observers  whose  characteristics  are  not  known  in  terms  of  the 
test  colors,  so  that  while  its  shape  and  end  characteristics  are  well 
established,  its  position  in  the  spectrum  may  be  shifted  from  the 
average  of  a  larger  group.  On  the  other  hand,  the  physical 
photometer  solution  is  accurately  coordinated  with  the  test  colors, 
but  its  shape  and  characteristics  at  the  ends  of  the  spectrum 
(particularly  the  blue)  might  be  only  approximately  right. ^* 

It  has  been  shown  by  Kingsbury  ^^  that  the  luminous  efficiency 
curve  of  the  spectrum  may  be  well  represented  by  a  series  of 
terms  of  the  form 


(^)".«(-^) 


Both  of  the  curves  under  discussion  are  well  represented  by  a 
three-term  expression  of  this  form  with  constants  given  below. 
As  a  consequence  the  formulation  of  the  relation  between  the 
luminous  values  and  the  energy  values  of  the  spectrum  may  be 
expressed  as  follows : 

The  luminous  efficiency  curve  of  the  spectrum  is  given  by  the 

expression  (^ ) 

(\  /  .';';6\200         /  ^       ,       .f>o\ijoo 

|)^.p;.(^.'--)+.*(4».'-t)  + 
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The  luminous  efficiency  curve  of  the  spectrum  is  accurately 
copied  for  purposes  of  physical  photometry  by  a  solution  of 
composition  (D) 

Cu   CI,   61.25  grams 

Co   (NH4),   (SO4),   14-5    grams 

K,  Cr  O4 1-9    grams 

Water  to  i        I'ter 

The  original  paper  '°  should  be  consulted  for  details  of  the 
technic  of  the  physical  photometer. 

IV.  THE  VALUE  OF  THE  LUMEN  IN  TERMS  OF  THE  WATT  OF  LUMINOUS  FLUX. 

The  common  unit  of  luminous  flux,  the  lumen,  is  entirely  arbi- 
trary.'^ It  is  related  to  the  watt  of  luminous  flux  by  a  constant, 
commonly  called  "  the  mechanical  equivalent  of  light."  The 
simplest  method  of  obtaining  the  value  of  this  constant  is  to 
measure  in  absolute  units  the  energy  transmitted  by  a  luminous 
efficiency  curve  screen  from  a  light  source  of  known  lumen  out- 
put. This  measurement  has  been  carried  through  with  the  origi- 
nal luminous  efficiency  curve  solution,  giving  a  value  for  the 
lumen  of  .00160  watts.  In  order  to  correct  this  to  the  newer 
curve  it  has  only  been  necessary  to  obtain  the  luminosity  curve  of 
a  standard  ("4-watt")  lamp  for  both  curves,  which  is  easily 
done  graphically,  and  measure  the  relative  areas.  Carrying 
through  this  procedure  gives  as  the  new  figure  .00156.  The  next 
element  of  the  photometric  scale  is  therefore  specified  as  follows: 

The  lumen  is  equivalent  to  .00156  watts  of  luminous  flux.  (E) 

V.  STANDARDS    OF    LUMINOUS    INTENSITY. 

The  question  of  a  primary  standard  of  light  assumes  some- 
what less  importance  than  has  been  accorded  to  it  in  the  past, 
immediately  luminous  flux  is  properly  analyzed  into  its  physical 
part  and  its  physiological  part.  The  rational  unit  of  luminous 
flux,  the  watt,  is  to  be  maintained  by  the  same  standards  as  those 
employed  for  the  measurement  of  any  form  of  radiant  energy. 
Any  light  source  is  giving  unit  illumination  when  its  radiation 
measured  on  the  far  side  of  a  luminous  efficiency  curve  screen  is 
of  unit  value. 

As  a  matter  of  convenience,  however,  it  is  desirable  to  have 
certain  fixed  points  or  standards,  by  which  the  value  of  the  unit 
may  be  obtained  at  any  time  without  going  through  all  the  steps 
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requisite  for  its  original  establishment.  In  the  case  of  light  the 
fixed  point  presenting  the  greatest  merit  is  the  black  body  at  the 
melting  point  of  platinum.  Its  exact  value  is  still  subject  to  re- 
finement of  determination,  but  as  a  result  of  the  most  recent 
measurement  "  the  following  specification  may  be  given : 

As  a  standard  fixed  point  in  photometry  the  brightness  of  the 
black  body  at  the  melting  point  of  platinum  may  be  adopted  as 
58.35  candles  per  square  centimetre.  (F) 

VI.  STANDARDS    OF    COLOR    DIFFERENCE. 

In  the  interest  of  economy  of  labor,  it  is  desirable  to  embody 
the  results  of  measurements  carried  out  under  the  most  elaborate 
standard  conditions,  in  subsidiary  standards.  In  the  case  of 
color  difference  photometry  the  subsidiary  standards  take  the 
form  of  illuminants  of  different  color,  or  colored  media,  whose 
characteristics  are  reproducible  and  have  been  made  the  subject 
of  measurement  and  specification. 

In  order  to  have  such  standards  to  meet  all  contingencies  it 
would  obviously  be  necessary  to  have  sub-standards  of  an  enor- 
mous number  of  colors,  and  in  the  course  of  time  it  is,  in  fact, 
likely  that  the  number  of  color  difference  standards  prepared  for 
use  with  different  illuminants  will  become  quite  large.  Up  to 
the  present,  however,  the  only  standards  of  this  sort  that  have 
been  developed  are  for  the  most  commcMily  occurring  type  of 
color  difference  in  ordinary  illuminants.  namely,  the  l)lack  body 
series. 

The  set  of  such  standards  belonging  to  the  photometric  scale 
under  discussion  consists  of  a  yellow  and  a  blue  solution,  made 
up  in  conformity  with  the  suggestion  of  Professor  Fabry,  of  such 
spectral  character  of  al)sorption  that  increasing  differences  of 
color  along  the  black  body  scale  are  met  by  increased  concentra- 
tions.^'^ The  composition  of  these  solutions  is  given  below.  The 
transmissions  were  measured,  at  the  time  of  the  i)ul)lication  of  the 
composition,  in  terms  of  the  grouj)  of  observers  available  at  that 
time,  and  it  is  to  be  expected  that  the  somewhat  altered  scale  due 
to  the  greater  number  of  observers  now  embodied  would  alter 
the  values.  As  a  matter  of  fact,  however,  measurements  made 
by  Crittenden  and  Richtmyer  "  on  one  of  these  solutions  show 
the  original  calibration  to  hold  even  with  the  larger  grouf)  of 
oI)servers.    This  is  to  be  ascribed  to  the  fact  that  the  color  differ- 
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ences  involved  are  much  less  than  those  of  the  "  test  colors,"  in 
whose  value  occurred  a  difference  of  only  two  per  cent.  Until, 
therefore,  more  refined  measurements  dictate  a  revision  of  the 
Fabry  solution  values,  these  stand  as  in  the  original  publications. 
They  are  embodied  in  the  following : 

A  yellozv  absorbing  solution  for  use  zvith  color  differences  of 
the  black  body  type  is  composed  of 

Cobalt  ammonium  sulphate  100         grams 

Potassium  dichromate 7^2,  grams 

Nitric  acid   ( i  .05  gr. )    10         c.c. 

Water  to  i  liter 

Its  transmission  in  a  tJiickness  of  one  centimetre  as  compared 
7vith  clear  zcater  is  given  by  the  fornndce, 

logio  T  = -0.245  C  "•' — when  used  over  a  "4  watt"  lamp, 
logio  T  =+0.366  C  '•"*  —  when  used  over  a  test  lamp  to  bring  the 
light  to  "  4  watt  "  color, 
where  c  is  concentration  (G) 

A  blue-absorbing  solution  for  use  with  color  differences  of 
the  bla^k  body  type  is  composed  of 

Nickel  ammonium  sulphate   50  grams 

Ammonium  sulphate  10  grams 

Ammonia  0.90  gr 55  c.c. 

Water  to    I  liter  of  solution. 

Dilute  with  water  containing  10  gr.  ammonium  sulphate  per  liter. 

Its  transmission  in  a  thickness  of  one  centimetre  as  compared 
with  clear  water  is  given  by  the  formula  (H) 

logjo  T  = -0.539  C  ^•'" — when  used  over  a  "4  watt"  lamp. 

Details  as  to  technic.  temperature  coefificients,  etc.,  are  to 
be  found  in  the  original  publications.^' 


15.  If 


VII.  DISCUSSION. 


The  system  of  photometry  which  is  here  summarized  will 
appear  to  many  to  be  a  complicated  and  difficult  one.  It  is  to  be 
remembered,  however,  that  complexity  is  inherent  in  any  com- 
plete scheme  for  color  difference  photometry,  both  because  of 
the  nature  of  color  vision  in  the  individual,  and  because  of  the 
statistical  element  which  enters  due  to  the  varying  characteristics 
between  individuals.  Considered  from  this  standpoint  it  is  be- 
lieved the  system  is  in  reality  as  simple  as  an  adequate  one  can  be 
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made.  It  may  be  emphasized  that  it  is  the  only  complete  system 
thus  far  presented.  It  is  further  to  be  remembered  that  it  is  not 
the  intention  that  the  complete  photometric  procedure  be  gone 
through  with  every  measurement,  or  in  every  laboratory.  The 
ideal  is  to  use  the  method  for  the  establishment  of  secondary 
standards,  by  means  of  which  all  practical  photometry  is  carried 
out  with  no  color  differences,  leaving  the  fundamental  color  dif- 
ference measurements  to  be  made  in  the  standardizing  laboratories. 

NOTES. 

'  This  paper  may  be  considered  as  a  revision  to  date  of  portions  of  the 
communication  "  Proposals  Relative  to  Definitions,  Standards  and  Photo- 
metric Methods,"  presented  to  the  Illuminating  Engineering  Society,  May,  1915. 

^Philosophical  Magazine,  July,  September,  November,  December,  1912,  pp. 
149.  352,  744,  845,  853. 

*The  identity  of  the  results  given  by  the  two  methods  under  the  conditions 
specified,  and  on  the  employment  of  enough  observers  to  secure  a  significant 
average  from  the  widely  scattering  values  apt  to  be  obtained  in  the  juxtaposed 
field  comparison,  is  a  fact  of  experiment  against  which  no  conflicting  evidence 
has  been  adduced.  It  has,  on  the  other  hand,  been  confirmed  by  the  work  of 
Abney  and  Watson,  and  by  the  extensive  study  of  Richtmyer  and  Crittenden  at 
the  Bureau  of  Standards.  It  is  not  claimed  by  the  writer,  and  never  has 
been,  that  the  two  methods  give  the  same  results  under  other  conditions.  It 
was,  in  fact,  his  own  researches  which  first  showed  in  what  manner  and  to 
what  extent  the  two  methods  give  different  results.  It  is  consequently  quite 
beside  the  point  for  critics  to  attempt  to  discredit  the  photometric  scale  under 
discussion  by  blanket  assertions  that  "the  flicker  method"  gives  results  different 
from  "the  equality  of  brightness  method."  Such  criticism  is  on  a  par  with  at- 
attempting  to  discredit  accurate  methods  of  linear  measurement  by  stating 
that  a  bar  of  lead  and  a  bar  of  platinum  measured  at  0°  are  of  unc<|ual 
lengths  at  any  other  temperature.  The  necessity  for  recourse  to  standard 
comparison  conditions,  due  to  the  fact  that  response  to  varying  conditions  is 
different  in  different  substances,  is  not  peculiar  to  heterochromatic  photometry. 
A  red  light  and  a  blue  light  cannot,  from  the  nature  of  vision,  be  equal  under 
all  conditions,  and  the  choice  of  comparison  conditions  after  a  thorough  con- 
sideration of  the  questions  of  utility,  practicability  and  convenience,  is  entirely 
on  a  par  with  procedure  in  other  departments  of  measuring  science. 

*  There  appears  to  be  prevalent  an  idea  that  "  ordinary  photometry  "  and 
"  the  conditions  of  ordinary  photometry"  stand  upon  a  firm  basis,  that  they 
are  .sacrosanct,  immutable,  and  in  fact  give  exactly  the  measurements  required 
for  the  proper  evaluation  of  all  light  quantities.  As  a  matter  of  fact  there  is 
no  basis  whatever  for  such  a  belief.  "  The  conditions  of  ordinary  photometry  " 
are  to  a  predominant  degree  accidental.  They  have  not  to  this  day  been 
made  the  subject  of  definite  specification,  and  have  never,  previous  to  the 
writer's  researches,  been  studied  quantitatively  at  all  with  reference  to  the 
phenomena  of  color  perception.    The  only  requirement  for  "  ordinary  photom- 
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etry  "  (.which  is  photometry  in  which  no  color  difference  is  present)  i  is  the 
use  of  a  sufficient  held  brightness  and  size  to  bring  the  observations  into  the 
region  of  respectable  precision  of  setting,  when  the  eye  is  the  null  radiometer 
employed.  The  most  common  conditions  (in  American  practice)  are  an  il- 
lumination of  about  10  metre  candles  (near  the  lower  limit  of  the  region  of 
good  photometric  precision),  and  a  field  of  about  5  degrees  diameter.  The 
former  condition  is  directly  traceable  to  the  candlepower  and  physical  di- 
mensions of  the  light  sources  and  standards  in  common  use  a  decade  or  two 
ago ;  the  latter  probably  is  connected  with  the  size  of  prism  which  it  was  orig- 
inally found  practicable  to  grind  to  the  Lummer-Brodhun  form.  But  neither 
condition  is  authoritatively  specified  or  generally  adhered  to.  As  long  as 
there  is  no  color  difference  present  it  is  unnecessary  to  hold  to  narrow  con- 
ditions. In  fact  had  the  thermopile  been  as  sensitive  and  as  practical  in  form 
thirty  years  ago  as  now,  it  is  not  beyond  the  bounds  of  possibility  that  it 
would  have  been  seriously  advocated  as  a  photometer,  for  which  purpose  it 
would  have  been  entirely  suitable,  as  long  as  no  difference  of  color  existed  be- 
tween the  light  sources  under  comparison.  The  error  of  using  "the  con- 
ditions of  ordinary  photometry"  for  colored  light  comparison  is  of  the  same 
nature,  even  though  not  as  great,  as  is  the  use  of  a  thermopile.  It  is  in- 
evitable that  when  color  differences  are  to  be  compared  a  narrower  ^nd  more 
exact  choice  of  conditions  must  be  made  than  sufficed  formerly.  It  would  have 
been  entirely  an  accident  had  the  "conditions  of  ordinary  photometry"  (such 
as  they  are)  been  identical  with  those  dictated  by  a  basic  study  of  the  hetero- 
chromatic  problem. 

It  must  not  be  overlooked  by  those  who  display  concern  for  "  ordinary 
photometry  "  that  the  conditions  here  specified  for  color  difference  photom- 
etry yield  identical  results  to  "  ordinary  photometry  "  for  the  only  measure- 
ments for  which  the  latter  was  ever  suited,  so  that  there  is  nothing  revolu- 
tionary involved  in  picking  conditions  suited  to  color  difference  photometry. 
The  adoption  of  definitely  specified  conditions  is  a  step  inseparable  from 
the  advance  of  any  science.  The  "  eye  of  the  skilled  workman  "  has  had  to 
yield  to  the  pyrometer  in  heat  measurement,  and  in  photometry  the  "  practiced 
observer  "  must  yield  to  a  well-considered  and  definitely  specified  photometric 
procedure. 

*  Trans.  Ilium.  Eng.  Soc,  x.  No.  3,  191 5. 

•  Bull.  Bur.  Stds.  14,  87,  1918. 

'  Trans.  III.  Eng.  Soc.  viii,  p.  795,  1914;  Trans.  III.  Eng.  Soc,  p.  253,  1915. 

'  The  method  of  measurement,  and  the  method  of  choosing  observers,  as 
here  specified,  are  those  now  in  use  at  the  Bureau  of  Standards. 

"Journal  Franklin  Institute,  July,  1918,  p.  121. 

^"Physical  Rev.,  Nov.,  191S,  P-  319- 

"  Two  other  comparatively  recent  determinations  of  the  luminous  effi- 
ciency curve  of  the  spectrum  are  not  included  for  consideration  because  they 
were  not  made  under  the  conditions  which  fix  the  photometric  scale  under 
discussion.  The  extensive  investigation  of  Coblentz  {Bull.  Bur.  Standards 
303,  Sept.  12,  1917,  p.  168),  although  stated  to  be  carried  out  in  accordance  with 
the  procedure  of  the  present  writer,  was  not,  in  the  vital  particular  of  field 
brightness,  which  was  not  over  one-quarter  that  here  specified.     As  a  'conse- 
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quence  the  curve  obtained  by  him  is  shifted  toward  the  red.  An  experimental 
test  of  Coblentz's  luminosity  curve  solution,  based  on  his  determination  of 
the  luminous  efficiency  curve,  shows  an  error  on  the  test  colors  of  4'/.  per 
cent.  (Journal  Franklin  Institute,  July,  1918,  p.  121).  The  determination 
by  Hyde,  Cady  and  Forsythe  (Astrophysical  Jour.,  Sept.,  1918,  p.  65)  was  made 
by  the  cascade  method,  which  the  writer  had  already  shown  would  give  the 
same  results  as  the  flicker  method  under  the  small  field  high  brightness  con- 
ditions specified  by  him.  The  investigators  quoted,  however,  carried  through 
their  work  under  conditions  of  brightness  and  field  size  (the  latter  not 
specified)  supposed  to  correspond  to  "  the  conditions  of  ordinary  photometry." 
which  as  already  pointed  out,  have  no  rational  basis  for  use  in  color  difference 
comparisons.  As  a  consequence  of  their  use  of  these  conditions  their  curve 
is  shifted  toward  the  blue,  as  compared  with  the  one  here  given.  Neither 
Coblentz's  nor  Hyde's  curves  are  coordinated  with  any  accurately  speci- 
fied observing  conditions  nor  method  of  choosing  observers.  They  con- 
stitute isolated  elements  of  photometric  scales  which  are  not  only  incomplete 
but  without  sound  bases  for  adoption  even  if  supplied  with  their  missing  parts. 

"Physical  Rev.,  Feb.,  1916,  p.  161. 

"See  Journal  Franklin  Institute,  Oct.,  1915,  p.  409. 

"Journal  Franklin  Institute,  July,  1918,  p.  122. 

"  Trans.  III.  Eng.  Soc.  p.  796,  1914:  Trans.  III.  Eug.  Sac.  p.  253,  1915. 

'•  The  only  other  color  difference  standards  of  a  reproducible  nature  thus 
far  published  are  furnished  by  the  tungsten  lamp  characteristic  equations  of 
Middlekauff  and  Skogland  (5m//.  Bureau  Standards,  No.  238,p.  483,  Oct.,  1914). 
'Their  validity  is  conditioned  by  the  uniformity  of  characteristics  from  one 
lamp  to  another,  which  is  hard  to  guarantee  in  so  complicated  a  product  as 
the  modern  incandescent  lamp.  Moreover,  the  equations  as  published  are 
based  on  photometric  measurements  carried  out  under  conditions  and  with 
observers  neither  of  which  were  the  subject  of  study  or  selection,  or  of 
specification.  It  is  understood  that  a  revision  of  these  equations  is  contem- 
plated, based  on  photometric  determinations  made  on  the  scale  here  described. 

APPENDIX. 

APPLICATION  TO  THE  BLACK  BODY. 

The  luminous  efficiency  curve  of  the  spectrum  may  be  applied 
(due  to  the  possibility  of  summatin^  luminous  radiations)  to  the 
calculation  of  the  luminous  characteristics  of  any  radiation  of 
known  physical  constitution  and  intensity.  The  most  important 
case  is  the  black  body,  or  complete  radiator,  [.uminous  efficiency 
curve  equations  of  the  form  above  j^iven  may  be  combined  with 
the  Planck  black  body  enerj^y  distribution  equation  and  integrated 
to  give  the  luminous  radiation,  in  ergs  or  watts  of  luminous  flux. 
From  this,  ui)on  division  by  the  constant  relating  the  number  of 
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watts  of  luniinoiis  flux  to  the  lumen  (mechanical  equivalent  of 
light),  the  tlux,  or  brightness,  may  be  immediately  derived  in  the 
ordinary  units  of  lumen  and  candlepower. 

The  form  and  derivation  of  these  equations  has  been  given 
by  Kingsbury.^  In  re-calculating  them  for  the  new  luminosity 
data  here  presented  several  deviations  have  been  made  from  the 
previous  procedure.  As  given  by  Kingsbury  the  constants  are  all 
worked  out  numerically,  on  the  basis  of  a  chosen  value  of  the 
black  body  constant  Co,  (14370).  Experience  in  being  forced  to 
recalculate  the  data  to  several  other  temporarily  more  popular 
values  of  the  constants,  or  to  values  which  would  make  possible 
a  real  comparison  of  work  of  different  observers,  has  suggested 
the  desirability  of  stating  the  equations  in  such  form  that  the 
place  of  occurrence  of  all  the  black  body  constants  shows  clearly. 
This,  in  turn,  is  but  the  first  step  in  the  search  for  a  mode  of 
expressing  the  luminous  flux  equations  in  which  the  calculations 
once  made  and  tabulated  will  be  independent  of  any  particular 
choice  of  the  black  body  constants.  While  the  uncertainties  in 
the  values  of  these  constants  are  becoming  gratifyingly  small, 
they  still  amount  to  a  great  deal  when  translated  into  terms  of 
luminosity ;  and  the  refinements  yet  to  be  made  in  their  determi- 
nation will  be  important  factors  in  their  use  in  luminous  flux 
equations.  The  desired  form  of  the  luminous  flux  equations, 
into  which  the  latest  and  best  values  of  the  constants  can  be  intro- 
duced at  any  time,  is  furnished  by  taking  advantage  of  the  fact 
that  the  two  variables,  shape  of  the  emission  curve  (determined 
by  -^)  and  luminous  efficiency  (ratio  of  the  light-evaluated  to 
the  total  energy),  are  connected  by  definite  values  which  may  be 
calculated  without  assuming  definite  figures  for  the  black  body 
constants.  Accordingly  the  data  herewith  plotted  are  values  of 
~  (where  L  is  the  light-evaluated,  R  the  total  radiant  energy), 
against  -p-. 

Expressed  in  this  new  form  the  flux  equation  as  developed  by 
Kingsbury  becomes 
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Upon  introducing  the  constants  of  the  luminous  efficiency 
curve  equation  as  developed  in  the  body  of  the  paper  this  equa- 
tion becomes 
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Table  I. 
Black  Body  Luminous  Characteristics. 
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Calculated  values,  using  this  equation  are  listed  in  Table  I 
and  plotted  (in  terms  of  the  logarithm  of  ^  ),  in  Fig.  i. 

In  order  to  arrive  at  definite  values  of  luminous  flux  it  is,  of 
course,  necessary  to  choose  and  introduce  definite  values  for  the 
black  body  constants.  Thus  to  obtain  L,  the  luminous  flux  in 
watts,  we  use  the  relation 

L^  (I)  X  "  ^'  (3) 

To  obtain  the  normal  flux  L,,,  we  use  the  equation 

fL\      <T  'n 

K   b)x~  (4) 

To  transform  these  results  to  lumens  and  candlepower  we 
vlivide  by  in,  the  watts  of  luminous  flux  in  the  lumen,  thus 
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Some  ilKistrations  of  the  use  of  these  equations  are  of  inter- 
est. Tavo  characteristic  ones  are  furnished  by  the  himinous  prop- 
erties of  the  black  body  at  the  melting  points  of  gold  and  platinum 
respectively : 

Assuming  Alillikan's  values  for  the  black  body  constants,  we 
have  for  gold,  with  its  well-established  melting  point  of  1336°  K., 

Fig.  I. 


-1  ^ 

/ 

^ 

X 

N 

\, 

N 

\ 

logi 

t 

\ 

""J 

^ 

\ 

\ 

\ 

\ 

^ 

1  2  3  4  5  6  7  6  9  10  II  I? 

T 
Luminous  efficiency  of  the  black  body. 

the  value  i||^|=:  10.7125  for  -^.  Using  this  in  (2)  we  obtain 
for  I"  the  figure  .000000002172.  From  (4),  taking  5.72  x  lo"^^ 
for  (T  we  obtain  for  Lo  the  value  .0001659.  Dividing  this  by 
.00156,  the  value  chosen  in  the  body  of  the  paper  for  in,  we  finally 
get  for  the  brightness  of  the  black  body  at  this  temperature, — 
0.1062  candles  per  square  centimetre. 
The  latest  determination  of  this  quantity  is  that  of  Hoist 
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and  Visser.-  Their  value  is  0.1071.  Details  of  their  photo- 
metric method  are  not  at  present  available,  so  that  the  accuracy 
with  which  it  is  represented  by  the  luminous  efficiency  curve  here 
chosen  is  problematical.  Furthermore,  it  is  to  be  noted  that  the 
calculated  brightness  varies  with  enormous  rapidity  ^  with  the 
choice  of  C2.  On  the  whole,  therefore,  the  agreement  of  cal- 
culated and  observed  values  to  within  one  per  cent,  is  excellent. 

In  the  case  of  platinum,  if  we  take  the  same  black  body  con- 
stants_,  together  with  the  latest  value  for  the  melting  point,  namely, 
2037°  K.,  the  result  for  the  brightness  is  55.9  candles  per  square 
centimetre.  Experimental  determinations  by  the  writer  *  gave 
this  quantity  as  58.35.  This  leaves  a  discrepancy  of  four  per 
cent.,  which,  however,  is  quite  as  likely  to  be  due  to  uncertainty 
in  the  melting  point  of  platinum,  and  in  the  value  of  C2,  as  in  the 
photometric  method  and  calculations. 

It  is  evident  from  these  calculations,  applied  in  the  one  case  to 
a  region  where  photometric  observation  is  reaching  its  lower 
limit  of  feasibility,  in  the  other  to  a  region  where  exact  tem- 
peratures are  still  in  question,  that  the  photometric  methods  and 
equations  are  in  very  practical  shape  for  use.  In  the  form  they 
are  here  presented  they  will  be  available  for  calculations  of  the 
highest  precision  immediately  the  constants  of  the  black  body 
are  fixed. 

A  second  quantity  of  interest  in  connection  with  the  luminous 
properties  of  the  black  body  is  the  equivalent  wave-length  or  the 
wave-length  at  which  the  rate  of  energy  emission  is  varying  with 
change  of  temperature  at  the  same  speed  as  the  rate  of  luminous 
emission  changes.  (The  equivalent  wave-length,  which  applies 
to  one  temperature,  is  to  be  distinguished  from  the  Crova  wave- 
length, which  is  the  wave-length  to  be  used  in  comparing  emis- 
sions due  to  two  different  temperatures.  To  a  close  approxima- 
tion the  Crova  wave-length  is  the  mean  of  the  equivalent  wave- 
lengths. ) 

Expressing-  the  equations  derived  by  Kingsbury  ^  for  the 
equivalent  wave-length  in  terms  of  the  more  convenient  variables 
Y  and  -^  we  get 
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Introducing  the  numerical  values  derived  from  the  luminosity- 
curve  equation,  this  becomes 


m 


.52708 


L( 


C2 


+  / 


oo8g93  J. 

.049244 


-y.*(. 


.011757 


Ci 


001282    -jT    +  I 


1305    + 


C2 


.01064  't    + 


^^205 


(8) 


Values  calculated  from  (8)  are  given  in  Table  I,  and  are 
plotted  in  Fig.  2. 

The  plotted  values  of  Ae  lie  on  a  smooth  curve,  which  is  rep- 
resented with  considerable  accuracy  by  an  equation  of  the  form 


/e  =  a  +  b  [YJ  +  c  I  jT  I 


(9) 


Solving  for  the  constants  we  find  the  following  numerical  equa- 
tion to  represent  the  curve  well. 


/■e  =  .5402  +  .0002  \y)  ~  -000074  \'t) 


(10) 


It  has  been  pointed  out  by  Foote  ^  that  an  equation  of  this 
form  may  be  made  the  basis  of  an  empirical  luminous  flux  equa- 
tion of  comparatively  simple  form  for  numerical  calculation.  In 
order  to  form  such  an  equation  in  terms  of  ~    and   ^    we  note 
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that  if  the  kiminoiis  radiation  is  considered  as  monochromatic  we 
may  represent  it  by  the  expression 


L  =  fi'X  ^  e    /T 


and  ^  by  the  expression 
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From  this  is  immediately  derived  the  relation 

L 

d  log  — 

^  -L     ,       4 
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(13) 


If  now  we  substitute  the  complete  expression  for  A,   from  (lo) 
we  get 
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Integrating  this  we  get 
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Solving  for  numerical  values  this  becomes 

log  -J^7i.oo5  log   I     I   +  4  log  ^  —  19.6100 

\  Y  + 53-378  J 

This  expression  gives  results  of  about  one  per  cent,  accuracy, 
and  is  considerably  quicker  than  (2)  to  work  with.  Its  deriva- 
tion presupposes  the  true  values  known  from  the  direct  procedure, 

NOTES  TO  APPENDIX. 

^Physical  Review,  Feb.,  1916,  p.  161. 

*  Hoist  and  Visser,  K.  Akad,  Amsterdam,  1918. 

^  In  the  region  of  the  gold  point  the  calculated  luminous  efficiency  changes 
almost  exactly  i  per  cent,  for  each  unit  in  the  fourth  place  of  the  assumed 
value  of  Cj.  The  present  uncertainty  in  the  value  of  Cj  is  four  or  five  units  in 
this  place  (14300  to  14350). 

This  rapid  variation  of  calculated  luminous  efficiency  with  Cj  suggests  that 
a  highly  sensitive  method  of  determining  this  constant  lies  in  the  experimental 
determination  of  4-  for  the  black  body  at  the  well  established  gold  point.  L 
could  be  established  photometrically  by  comparison  with  a  light  source  of  the 
same  color  as  the  black  body  at  this  temperature,  but  of  sufficient  intensity 
to  furnish  measurable  radiation  through  a  luminous  efficiency  curve  filter  of 
accurately  known  transmission.  Such  a  source  is  at  hand  in  the  "4  watt "  car- 
bon lamp  in  conjunction  with  a  90  per  cent,  concentration  "Fabry"  yellow 
solution. 

^Journal  Franklin  Institute,  July,  1918,  p.  122. 

'  Bull.  Bureau  Standards,  270,  Mar.,  1916. 
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Salving  Trench  Hosepipe.  (Journal  of  Industrial  and  Engi- 
neering/ Chcmisiry,  vol.  xi,  No.  7,  p.  690.  July  i,  1919.) — An  inter- 
esting- side  line  of  war  salvage  is  being  carried  on  at  Hayes, 
Middlesex,  England,  where  some  hundreds  of  miles  of  trench 
hosepipe  are  being  disintegrated  and  the  various  products  recov- 
ered for  sale.  This  type  of  hose  contains  a  large  amount  of  iron 
wire  and  canvas  impregnated  with  a  small  proportion  of  rubber. 
A  special  machine  has  been  designed  for  treating  the  hose,  and 
the  stripped  wire  is  stated  to  be  worth  about  $60  a  ton  at  present 
prices.  The  rubber  is  being  reclaimed  and  the  canvas  ultimately 
finds  an  application  as  cellulose.  The  work  is  being  done  on  a 
part  of  the  premises  of  a  detinning  works,  where  considerable 
quantities  of  scrap  tin  are  now  being  treated  by  the  electrolytic 
process  with  satisfactory  results.  Metal  containing  as  much  as 
99.8  per  cent,  of  tin  is  being  obtained  from  the  scrap. 

Zirconium  Steels.  J.  Garcon.  {Bulletin  dc  la  Societc  d'En- 
conragement  pour  I' Industrie  Nationale,  vol.  131,  No.  i,  p.  148, 
January-February,  1919.) — Zirconium  is  not  found  in  nature  in  the 
metallic  state.  It  occurs  in  Norway,  Ceylon  and  Brazil,  and 
nearly  everywhere  in  the  form  of  orthosilicate.  Zircon  or  hya- 
cinth contains  two-thirds  oxide  of  zirconium  or  zirconia  and  a 
third  of  the  silicate  with  some  impurities.  Its  density  is  very 
high,  reaching  4.7.  Another  richer  mineral  is  badelyte.  of  which 
quite  copious  deposits  are  found  in  Brazil  and  also  in  Ceylon.  This 
is  a  natural  zirconia  whose  content  of  ZrOo  varies  from  69  to  94 
per  cent.  Several  methods  are  followed  to  obtain  more  or  less  pure 
oxide.  Zirconia  is  employed,  in  view  of  its  high  temperature  of 
fusion,  in  the  manufacture  of  crucibles  and  for  the  linings  of 
metallurgical  furnaces.  Zirconium  enters  also  in  the  composition 
of  Nernst-lamp  filaments,  in  the  leads  of  the  Bleriot-lamp.  and  as 
a  component  of  a  special  glass  which  may  be  substituted  for  quartz- 
glass. 

An  important  application  of  zirconium  is  found  in  the  manu- 
facture of  alloy  steels.  Tests  at  the  Ford  laboratory  on  armor- 
piercing-bullet-shields  have  shown  that  nickel-zirconium  steel 
plates  10  mm.  in  thickness  have  a  resistance  to  penetration  equiv- 
alent to  nickel-chrome  steel  16  mm.  thick  and  nickel-molybdum  steel 
13  mm.  thick.  The  zirconium  is  added  in  the  form  of  a  30  per  cent, 
ferro-alloy.  This  alloy  is  produced  by  reducing  the  mineral  in  the 
electric  furnace  with  aluminum.  It  is  essential  that  the  alloy  contain 
not  more  than  5  per  cent,  of  aluminum,  otherwise  the  presence  of 
the  aluminum  diminishes  the  strength  of  the  steel. 


DEVELOPMENT  OF  AN  AIRPLANE  SHOCK 
RECORDER.* 

BY 
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Bureau  of  Construction  and  Repair.  Navy  Department. 

To  meet  the  current  needs  of  the  airplane  designing  staff  of 
the  U.  S.  Navy,  an  airplane  accelerometer  was  developed  for 
measuring  the  sudden  loads  and  shocks  encountered  in  flying,  and 
landing.  An  elaborate  instrument  of  precision  was  not  called 
for,  but  rather  a  device  whose  records  could  be  obtained  easily 
and  read  directly.  For  the  scale  drawings  and  early  tests  of  the 
design  here  described  the  writer  is  indebted  to  his  assistant,  Mr. 
L.  Crook,  who  first  calibrated  the  accelerometer,  then  used  it  on 
a  flying  boat  to  measure  landing  shocks. 

Fig.  I  pictures  the  instrument  in  course  of  development.  It 
consists  of  many  vertical  styluses,  or  pointed  rods,  supported 
individually  by  springs  and  recording  on  a  single  chronograph 
drum  over  which  passes  a  continuous  sheet  of  sensitized  paper. 
For  measuring  upward  accelerations  the  rods,  which  are  all  of  the 
same  mass,  are  pressed  upward  against  stops  by  springs  of  graded 
intensity,  while  their  pointed  lower  ends,  or  needles,  are  held 
within  a  few  thousandths  of  an  inch  of  the  chronograph  drum. 
When  acceleration  occurs  a  certain  number  of  styluses  begin  to 
record  instantly,  as  the  intensity  of  the  force  overcomes  in  suc- 
cession stronger  and  stronger  springs. 

When  preparing  the  instrument  for  any  proposed  measure- 
ment one  sets  the  springs  so  as  to  meet  any  probable  accelerations 
that  will  have  to  be  recorded.  By  means  of  the  sliding  sleeves 
shown  in  the  photograph  the  force  of  the  springs  can  be  adjusted 
so  as  to  equal  any  multiple  of  the  weight  of  a  rod.  To  this  end 
one  applies  in  succession  to  each  stylus,  by  contact  with  a  weigh- 
ing scales,  forces  which  are  multiples  or  fractions  of  the  whole 
fixed  weight  of  the  rod  plus  half  the  weight  of  the  spring,  while 
the  springs  are  adjusted  so  as  barely  to  support  the  rod  against 
the  stop.  A  single  rod  of  brass  weighs  about  i^  ounces,  being 
V32  inch  diameter  by  5  inches  long. 

*  Communicated  by  the   Author. 
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To  prevent  the  needle  from  scratching  or  puncturing  the 
paper  it  is  cushioned  against  a  spiral  spring  inside  the  holder,  or 
vertical  rod,  within  which  it  can  otherwise  slide  freely.  The 
needle  at  its  middle  is  provided  with  a  shoulder  abutting  against 
the  upper  end  of  the  small  holding  and  adjusting  screw.  This 
screw  can,  by  rotating,  raise  or  lower  the  setting  of  the  needle, 
and  is  securely  fixed  in  place  by  the  jam  nut  shown  at  the  bottom 
of  the  rod.  The  needle  is  of  brass  or  German  silver,  and  makes 
a  clear,  fine  mark  on  the  chemically  treated  paper  when  the  pres- 
sure is  three  per  cent.,  or  more,  of  the  weight  of  the  holder.     One 

Fig.  I. 


per  cent,  of  the  weight  would  be  sufficient  pressure  with  styluses 
fifty  per  cent,  longer  and  thicker,  for  a  test  has  shown  that  .05 
ounce  pressure  of  the  needle  causes  a  clear  trace. 

In  the  position  and  adjustment  shown,  the  present  instrument 
records  only  upward  accelerations,  but  by  inversion  can,  with- 
out further  adjustment,  record  downward  accelerations,  provided 
account  be  taken  of  the  reversed  direction  of  gravity.  Thus,  if 
when  upright,  the  stylus  exerts  on  the  stop  a  pressure  nzv,  in- 
verted it  exerts  (n  +  2)  w;  and  hence  records  accelerations  ng, 
(n  +  2)g,  zv  being  its  weight.  Without  inversion  the  instrument 
also  records  negative  accelerations  if  the  styluses  be  pressed 
downward  against  their  stops.     .Mso  in  its  upright  position  the 
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instrument  records  both  positive  and  negative  aceclerations  when 
the  springs  are  set  so  that  some  styhises  are  pressed  upward  and 
others  downward. 

The  special  stylus  shown  on  the  right  of  the  photograph  is 
provided  at  its  upper  and  lower  ends  with  thin  cantilever  springs 
which  prevent  it  from  rubbing  against  the  guide  plates  of  the  con- 
taining box,  and  at  the  same  time  hold  the  rod  upward  against  its 
stop  in  the  manner  described  for  the  spiral  springs.  An  instru- 
ment with  such  cantilever,  or  anti-friction,  springs  could  be  used 
to  measure  horizontal  as  well  as  vertical  accelerations. 

In  the  form  here  shown  the  instrument  is  provided  with  six 
feet  of  paper  driven  by  an  alarm  clock  at  the  rate  of  two  inches 
per  second  for  such  accelerations  as  are  found  in  aeroplane  ex- 
periments. This  rapidity  is  essential  in  order  to  separate  and 
clearly  disclose  landing  shocks  and  structure  vibrations;  for  it  is 
usually  the  short  hammer-blow  shocks  of  a  few  hundredths  of  a 
second  duration  which  most  stress  the  under  parts  of  an  airplane 
in  alighting  on  land  or  water. 

In  action  the  instrument  appears  to  be  fairly  instantaneous 
and  free  from  the  oscillations  found  in  a  spring  accelerometer 
whose  recorder  has  a  considerable  displacement.  Thus  each 
needle  records  without  interruption  a  definite  continuous  accelera- 
tion beyond  a  certain  intensity,  but  instantly  ceases  recording 
when  the  acceleration  falls  below  this  amount.  It  can  also  simul- 
taneously record  long  and  short  accelerations.  For  example, 
engine  tremors  superposed  upon  an  air  swell  cause  a  needle  to 
make  a  dotted  trace;  the  length  of  the  trace  representing  the 
duration  of  the  swell  beyond  a  certain  intensity,  and  the  distance 
between  dots  representing  the  period  of  the  engine  tremor.  In 
fact,  a  known  engine  speed  serves  to  standardize  that  of  the 
paper,  and  a  known  paper  speed  that  of  the  engine.  The  aggre- 
gate tracings  of  all  the  needles  form  a  shaded  diagram  whose 
contour  is  a  wavy  line  like  that  of  a  spring  accelerometer. 

An  example  of  typical  records  taken  on  a  seaplane  is  presented 
in  Fig.  2  of  this  report.  The  farther  stylus,  which  has  its  re- 
straining spring  adjusted  to  record  upward  accelerations  of  twice 
gravity,  has  made  a  few  instantaneous  traces  separated  by  long 
blanks;  the  one  set  for  two-tenths  of  gravity  has  made  long  traces 
with  short  blanks.  Both  records  are  dotted,  showing  engine 
tremors.     Feeble  accelerations  were  expected,  otherwise  a  more 
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suitable  setting  of  the  springs  would  have  been  made.     They 

should  have  been  graded  to  tenths  in  the  region  of  two  gravities. 

Fig.  3  gives  an  acceleration  record  of  an  approximately  simple 

harmonic  motion,  somewhat  damped,  made  with  the  instrument 
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Landing  accelerations  on  pontoon  of  Curtis  JN — 4E. 

screwed  to  the  end  of  a  vertically  vibrating  spring-board  clamped 
in  a  firm  vise  on  a  not  very  firm  table,  and  with  its  styluses  set 
only  for  positive  accelerations.  IMotted  on  the  same  diagram,  as 
a  line  of  small  circles,  are  the  simultaneous  maximum  accelera- 
tions of  a  needle  inserted  in  the  end  of  the  spring-board  and  play- 
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ing  on  a  sheet  of  smoked  paper  moving"  steadily  past  it.  The  hne 
of  circles  is  a  "  damped  "  harmonic  with  a  perceptible  "  over- 
tone," and  matches  the  damped  acceleration  trace  taken  simul- 
taneously, all  recorders  being  equally  distant  from  the  face  of 
the  vise.  The  actual  tracing  of  the  spring-board  tip  is  given  in 
Fig.  4,  and  the  method  of  computing  from  this  the  maximum 
accelerations,  which  are  indicated  by  the  circles  in  Fig.  3,  is  de- 
veloped in  the  following  paragraph. 

Fig.  3. 
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Without  rigorous  precision  the  general  equation  to  the  ver- 
tical motion  of  the  spring-board  tracing  point  may  be  written 

5  +  Ci^  +  bs  +CS  =  0 
in  which  s  is  the  displacement,  at  any  time  t,  from  the  point  of 
rest  under  gravity,  and  ^^  bs,  are  retardations  due  to  the  air 
resistance  and  internal  friction  of  the  vibrating  system.  The 
maximum  acceleration  for  any  one  vibration  occurs  when  s  =  o, 
and  may  be  written  from  the  equation 

S    +    CS   =   0' 

It  is 


Si  =  —CSi 
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in  which  Ji  is  the  momentary  amplitude.  Since  the  damping  is 
small,  Si  can  also,  without  material  error,  be  written  in  the  more 
familiar  form 

5i^   —4ir-  n^  5, 

when  n  is  the  frequency.  Now,  since  Si  is  approximately  re- 
corded by  the  acceleration  styluses,  and  'si,  n,  are  found  in  the 
record  of  the  vibration  stylus,  the  one  record  can  be  checked  with 
the  other.  This  method  was  used  in  computing  from  the  trace 
of  the  spring-board's  motion,  the  accelerations  indicated  by  circles 
in  Fig.  3. 

The  acceleration  records  are  fairly  trustworthy  as  far  as  they 
go,  but  lack  continuity,  like  the  markings  on  a  yardstick.     To 

Fig  4. 


TIME  IN  5TH5    OF  SECONDS. 
Trace  of  tip  of  vibrating  spring  board  used  in  calibrating  accelerometer. 

disclose  accurately  the  maximum  acceleration  in  any  shock  the 
adjustment  of  the  springs  must  be  close-graded.  Thus,  if  a 
maximum  acceleration  of  twice  gravity  be  recorded  by  styluses 
graded  to  tenths  of  gravity,  the  greatest  possible  error  is  pre- 
sumably one-tenth  of  gravity,  or  five  per  cent,  of  the  quantity 
recorded,  while  the  probable  error  is  two  and  one-half  per  cent. 
Still  closer  estimates  can  be  made  by  sketching  in  the  contour  of 
the  traces.  The  free  play  of  the  styluses  between  their  stops 
must,  of  course,  be  kept  small. 

Closer  agreement  between  the  two  sets  of  superposed  values 
in  Fig.  3  would  ensue  if  the  clock'  ran  uniformly;  if  the  paper 
were  uniformly  thick,  instead  of  being  spliced  ;  if  the  needle  points 
were  set  0.004  '"^'1  from  the  paper,  instead  of  0.012  inch;  and 
if  the  styluses  were  given  less  play  between  their  stoj)s.  These 
adjustments  would  be  made  in  refining  the  instrument.  Rut,  even 
so,  the  records  would  not  everywhere  accurately  disclose  the 
acceleration,  inilcss  made  with  numerous  styluses  in  close-graded 
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adjiistnient.  At  one  point,  such  as  the  third  crest  in  Fig.  3,  the 
record  might  be  a  mere  dot,  and  hence  indicate  the  acceleration 
truly ;  at  another  it  might  be  a  dash,  leaving  the  true  crest  to  be 
extrapolated.  Numerous  and  close-graded  styluses  can,  of  course, 
be  provided  without  much  increase  of  cost  or  weight,  if  found 
desirable  for  special  investigations. 

For  the  immediate  measurements  in  view  it  was  thought  un- 
necessary minutely  to  calibrate  the  shock  recorder  to  a  close- 
grade  scale  by  experiment.  Continuous  recording  instruments 
are  in  the  market,  such  as  the  RAF  photographic  accelerometer, 
or  in  development,  such  as  the  Sperry  mechanically  recording 
accelerometer,  and  these  may  be  had  in  time.  The  present  in- 
strument has  served  a  passing  need,  and  may  prove  useful  for 
disclosing  hammer-blow  shocks  too  sudden  to  be  faithfully  re- 
corded by  accelerometers  of  another  type. 

For  a  comprehensive  field  laboratory  study  of  the  accelera- 
tions throughout  an  airplane  it  may  be  well  to  measure  simul- 
taneously the  shocks  in  the  undercarriage,  the  body  and  the 
wings.  This  can  be  done  either  by  placing  individual  recorders 
in  those  parts,  and  synchronizing  them,  or  by  placing  shock  re- 
ceivers there  and  recording  on  a  central  chronograph.  The 
present  instrument,  or  a  simpler  one  consisting  of  plane  bar 
springs,  could  be  used  as  a  contact  maker  in  various  parts  of  an 
airplane  to  operate  recording  magnets  at  a  central  drum.  Such 
an  apparatus  can  easily  be  arranged,  and  may  be  expected  to 
record  with  about  the  promptness  of  a  ballistic  or  an  astronomi- 
cal chronograph. 

For  instantly  indicating  to  the  pilot  the  comparative  stress- 
ing of  his  machine  a  number  of  simple  bar-spring  contact  makers 
of  graded  strength  can  be  coupled  to  a  row  of  tiny  electric  lamps 
on  the  instrument  board.  These  would  brighten  successively, 
and  indicate  by  their  various  colors,  positions,  or  markings,  the 
degree  of  stress  put  upon  his  craft.  A  tentative  instrument  of 
this  kind  has  been  tried  incidentally  to  the  present  study.  Such 
cantilever  styluses,  or  contact  makers,  have  the  simplicity  and 
compactness  of  a  row  of  piano  keys,  but  are  not  preferred  to  the 
endwise-moving  styluses  because  they  are  more  affected  by  angu- 
lar accelerations  about  their  centres  of  gravity,  or  points  there- 
about, than  are  the  rods  used  in  the  present  instrument.  Obvi- 
ously the  contact  points  could  be  used  with  a  smaller  gap  than 
have  the  needles  recording  on  paper. 
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Without  its  base  the  present  instrument,  whose  case  measures 
9  inches  by  6  inches  by  1.5  inches,  weighs  eight  pounds,  being 
made  almost  wholly  of  brass.  By  using  aluminum,  where  prac- 
ticable, the  whole  weight  can  be  reduced  to  about  two  pounds.  In 
this  style  the  clock  would  form  part  of  the  case,  and  the  whole 
could  be  screwed  to  the  instrument  board  of  an  airplane. 


Lignum- Vitae,  the  Vital  Wood.  S.  J.  Record.  {Scientific 
American  Supplement,  vol.  Ixxxviii,  No.  2270,  p.  4,  July  5,  1919.)  — 
The  propeller  shaft  of  every  battleship,  every  destroyer,  every 
transport,  in  fact,  every  large  steamship,  revoilves  in  a  wooden 
bearing  at  the  stern  end.  Of  all  the  thousands  of  woods  in  the 
world,  true  lignum-vitse,  a  native  of  the  West  Indies  and  certain 
other  parts  of  tropical  America,  is  the  only  one  that  has  been 
found  equal  to  this  exacting  service.  The  peculiar  properties 
which  so  well  fit  lignum-vitse  for  the  purpose  are  due  to  the 
arrangement  of  the  fibres  and  the  resin-content  of  the  sap  cells. 
The  fibres  never  run  straight  up  and  down  the  log,  but  weave 
back  and  forth  in  a  serpentine  manner  that  cross  and  criss-cross 
like  the  corded  fabric  of  an  automobile  tire.  The  result  is  a 
material  of  extreme  tenacity  and  toughness.  When  the  sap  cells 
cease  to  function,  their  every  nook  and  cranny  become  filled  with 
a  resin  which  is  about  a  third  heavier  than  water.  The  result  is 
a  material  which  weighs  about  80  pounds  per  cubic  foot. 

Stern  bearings  provide  the  most  important  use  for  lignum- 
vitse  but  by  no  means  the  only  one.  Formerly  it  was  in  great 
demand  for  bowling  balls,  but  now  only  one  ball  in  ten  is  made 
of  wood.  A  large  quantity  of  low-grade  logs,  known  as  "  cut- 
ting-up  "  wood,  is  consumed  in  the  manufacture  of  rollers  for 
furniture  casters.  Small  round  sticks  make  excellent  mallets 
and  fill  a  large  demand,  especially  in  England.  Another  impor- 
tant use  is  for  sheaves  of  pulleys,  and  they  have  been  known  to 
last  in  constant  use  for  seventy  years.  Another  nautical  applica- 
tion is  for  "  dead-eyes,"  a  small  flattish  block  with  a  grooved 
rim  to  fit  in  the  bight  of  a  rope  or  encircled  by  an  iron  band, 
pierced  with  three  holes  to  receive  a  lanyard,  and  used  to  extend 
the  shrouds  and  stays.  Among  the  miscellaneous  uses  may  be 
mentioned  stencil  and  chisel  blocks,  watchmakers'  blocks,  mor- 
tars and  pestles,  dowels,  golf-club  heads,  wooden  cogs,  water 
wheels  and  block  guides  for  band  saws.  In  building  the  Panama 
Canal,  the  true  lignum-vitae  made  the  most  serviceable  railroad 
ties  that  could  be  obtained.  Between  150  and  200  tons  of  genuine 
lignum-vitae  are  used  every  year  in  New  York  for  fuel  in  grate 
fires,  'i'he  very  den.se  nature  of  the  wood,  together  with  the  heavy 
resin  content,  produces  a  fuel  with  intense  glowing  heat  and  good 
lasting  (|na]ities.  This  provides  one  outlet  for  defective  and 
crooked  lojj^s  which  arc  found  in  every  shipment. 
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In  the  inspection  of  important  wood  parts  for  airplanes  it  is 
essential  to  know  as  accurately  as  possible  the  effect  of  any  defect 
on  strength.  In  the  early  days  of  airplane  manufacture  the  builder 
could  go  to  almost  any  length  in  securing  wood  entirely  free  from 
knots,  imperfections  of  grain,  pitch  pockets,  or  any  blemish  or 
defect ;  in  other  words,  absolute  perfection  could  be  insisted  upon. 
^^'hen  airplanes  began  to  be  manufactured  on  a  large  scale  for 
war  purposes  and  we  began  to  look  forward  to  a  commercial 
development  of  the  airplane  it  became  impossible  to  insist  on  this 
absolute  perfection.  Consequently,  accurate  knowledge  of  the 
effect  of  all  sorts  of  defects  is  becoming  increasingly  essential. 

Among  the  defects  found  in  the  coniferous  species  used  for 
airplanes,  such  as  spruce  and  Douglas  fir,  a  common  one  is  pitch 
pockets.  This  article  is  a  brief  resume  of  theories  advanced  to 
account  for  the  presence  of  pitch  pockets  and  the  results  of  tests 
to  determine  the  effect  of  pitch  pockets  on  the  strength  of  airplane 
wing  beams.  The  tests  were  made  at  the  Forest  Products  Labora- 
tory of  the  United  States  Forest  Service,  in  cooperation  with 
the  Air  Service  of  the  Army, and  the  Bureau  of  Construction  and 
Repair  of  the  Xavy. 

ORIGIN  AND  OCCURRENCE  OF  RESIN  POCKETS. 

Resin  pockets  are  hollow  recesses  in  the  wood  of  conifers, 
which  are  more  or  less  completely  filled  with  resin. 

A  theory  advanced  about  75  years  ago  is  that  they  are 
caused  by  the  dissolving  of  wood  parenchyma  clusters  in  such 
a  manner  that  wood  tissues  are  transformed  into  resin. 

Another  theory  ^  contradicts  the  first  with  the  following 
statements :  "  First,  the  pitch  pockets  in  the  very  newest  annual 

*  Communicated  by  the  Director  of  the  Forest  Products  Laboratory. 

'  H.  Mayr  in  "  Das  Harz  der  Nadelholzer,  etc.,"  pp.  36-40. 
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ring  are  lined  with  parenchyma  just  the  same  as  those  in  wood 
over  a  hundred  years  old;  there  are  no  pitch  pockets  whose 
parenchymal  lining-  is  entirely  dissolved  away.  Second,  the  pitch 
pockets  are  formed  at  a  time  and  in  a  surrounding  structure  in 
which  all  processes  are  engaged  in  the  direct  opposite  of  disso- 
lution ;  that  is,  in  cell  formation  and  reproduction ;  namely,  in  the 
cambium  and  during  the  cambial  activity.  The  pitch  pockets  are 
filled  with  resin  from  the  very  first  moment  of  their  origin,  even 
before  the  isolation  parenchyma  is  fully  formed.  Third,  fir 
(Abies)  and  arbor  vitcC  have  abnormal  parenchyma,  like  the 
spruce,  but  in  neither  of  the  first  named  species  does  one  ever 
find  a  pitch  pocket,  since  pitch  pockets  stand  in  a  causal  relation 
with  resin  ducts,  which  latter,  as  is  well  known,  are  absent  in 
fir  (Abies)  and  arbor  vitse. 

"  There  remains,  therefore,  for  the  origin  of  pitch  pockets, 
only  the  one  explanation,  that  at  the  time  of  the  cambial  activity, 
resin  is  squeezed  from  the  horizontal  canals  into  cambial  layers, 
which  having  been  split  thereby,  are  entirely  separated  for  a  cer- 
tain extent  of  their  surface  by  the  outpouring  of  resin.  This 
resin,  gushing  out  into  the  soft,  thin  walled  and  as  yet  uncom- 
pleted layers,  kills  the  neighboring  cells,  which  then  collapse. 
There  then  begins  on  the  part  of  the  more  distant  parenchymal 
cells,  an  inner  overgrowth  by  means  of  the  formation  of  proud- 
wood  parenchyma,  which  isolates  the  resin  which  has  poured  out 
and  in  this  way  renders  it  harmless.  The  resin  is  squeezed  into 
the  cambial  layers  with  such  force  that  at  this  point  a  considerable 
expansion  of  the  very  thick  bark  results. 

"  It  is  difficult  to  determine  what  causes  the  pathological 
exudation  of  resin  from  the  horizontal  canals  into  the  growing 
cambial  layer.  It  is  well  known  that,  on  account  of  the  turgidity 
of  the  sapwood  layers,  the  resin  in  the  resin  ducts  is  under  very 
high  pressure.  The  only  way  in  which  resin  is  made  use  of  in 
the  case  of  the  spruces  and  pines  is  by  pressure  exerted  upon  the 
resin  by  the  juicy  sapwood.  This  is  the  only  force  which  is  able 
to  overcome  the  resistance  of  the  exceptionally  fine  capillaries 
(resin  ducts).  Wherever  the  tension  due  to  the  changing  tur- 
gidity of  the  structure  changes  most  rapidly,  one  finds  the  most 
pitch  pockets. 

"  Because  of  this  fact  pitch  pockets  are  most  fro(|uc'ntly  found 
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in  the  vicinity  of  branches  from  the  main  trunk.  On  account  of 
these  branches  the  ascending  water  current,  which  is  deflected 
from  the  main  course  at  an  angle,  is  dammed  up.  Those  trees 
which  stand  alone,  and  are  therefore  subjected  to  all  extremes 
of  temperature  and  humidity,  are  noticeably  richer  in  pitch 
pockets  than  trees  which  have  grown  up  surrounded  by  the 
forest." 

Another  theor}'  is  that  the  tree  is  wounded  by  means  of 
some  external  force.  The  resin  then  flows  to  the  wound,  where 
it  assists  in  protecting  the  surface  against  drying  out  until  it 
can  be  healed  by  an  overgrowth  of  proud  wood. 

TESTS  OF  THE  EFFECT  OF  PITCH  POCKETS  ON  THE  STRENGTH  OF 
AIRPLANE  WING  BEAMS. 

One  investigator  made  a  considerable  number  of  tests  of  the 
effect  of  pitch  pockets  on  small  test  specimens.     He  considered 

Fig.  I. 


Length  8  inches,  width  i]/i  inches,  depth  %  inch.    Showing  pitch  pockets  and  resin  flecks 
in  a  piece  of  white  pine. 

that  pitch  pockets  were  evidence  of  a  diseased  condition  of  the 
wood.  He  also  recommended  that  inspectors  reject  wood  with 
ver\-  large  pockets,  and  in  the  case  of  wood  with  pockets  that  are 
smaller  but  exceed  i  by  3^  inch  in  dimensions  special  attention 
be  directed  to  the  grain,  and  all  resin-pocketed  wood  showing 
slight  general  waviness  or  slight  general  obliquity  of  grain  be 
rejected.  He  states  that  pitch  pockets  of  i  by  >^  inch  in  dimension 
are  not  in  themselves  a  cause  of  weakness  and  for  this  and  other 
reasons  the  position  of  the  visible  pockets  of  this  size  on  a  finished 
airplane  part  is  not  of  paramount  importance.  These  tests  were 
made  in  England  on  "  silver  spruce,"  presumably  Sitka  spruce. 
The  theory  that  pitch  pockets  are  merely  evidence  of  a  diseased 
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condition  seems  untenable.  In  the  many  thousands  of  tests  of 
various  coniferous  species  made  at  the  Forest  Products  Labora- 
tory there  has  been  no  evidence  that  the  presence  of  pitch  pockets 
is  indicative  of  a  disease  which  weakens  the  wood. 

During  the  early  part  of  the  war  the  rejection  of  wing  beams 
and  other  important  parts  because  of  the  presence  of  pitch  pockets 
was  quite  large. 

There  are  about  20  inspections  of  each  beam  and  strut  from 
the  time  it  enters  the  mill  until  it  goes  into  the  plane  and  each 
inspection  eliminates  a  fair  percentage  of  the  material.  Follow- 
ing is  a  table  of  data  compiled  during  one  month  by  an  inspector 
in  a  plant  making  DH-4  wing  beams : 

Number  and   Percentages   of  DH-4  Wing  Beams  Rejected  for   Various  Causes  at 

Final  Inspection. 


Cause   for 
Rejection. 

Spi- 
ral 
Grain 

Diag- 
onal 
Grain 

Dip 

Knot 

Pitch 
Pocket 

Warp 

Check 

Dam- 
age 

Wind 
Break 

Glue 
Fail- 
ure 

Number  re- 
jected. .  .  . 

305 

16 

97 

79 

U8 

65 

218 

59 

59 

I" 

Percent,  of 
total  num- 

b  e  r    re- 
jected. .  . . 

28.8 

1. 5 

9.2 

7.6 

13-0 

6.2 

20.0 

5.6 

5.6 

1.7 

Per  cent,  of 
total  num- 

b  e  r     in- 
spected .  . . 

4.4 

0.2 

1.4 

I.I 

2.0 

o.g 

3-1 

f   R 

o.S 

0.2 

Dote 


Total  Beams  Inspected  =  7016 
Total  Beams  Rejected  =  1060 
Per  cent.  Rejected         =  15.  i 

This  inspection  was  of  finished  beams  and  the  table  does  not 
indicate  the  percentage  rejected  before  they  had  reached  this  stage. 

At  the  suggestion  and  with  the  cooperation  of  Captain  O.  P. 
M.  Goss  of  the  Spruce  Production  Division,  a  series  of  tests  to 
determine  the  effect  of  pitch  pockets  of  various  sizes  located  in 
different  parts  of  Douglas  fir  wing  beams  was  undertaken  at  the 
Forest  Products  Laboratory  of  the  United  States  Forest  Service, 
Madison,  Wisconsin.  Sixty  pairs  of  Douglas  fir  beam  blanks 
2  by  4  inches  by  7  feet  were  selected  by  Captain  (loss  at  the  mills.  It 
was  the  intention  in  selecting  these  that  one  beam  of  each  pair 
should  be  entirely  free  from  pitch  pockets  and  that  the  other  should 
have  pitch  pockets  in  certain  parts  of  the  beam.     Blanks  giving 
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promise  of  tilling  these  qualifications  were  selected  and  shipped 
to  the  laboratory.  The  two  beams  of  each  pair  were  taken  from 
the  same  height  in  the  tree  and  at  the  same  distance  from  the  pith, 
that  is.  from  the  same  annual  rings  of  growth. 

On  arrival  at  the  laboratory  this  material  was  carefully  kiln 
dried  to  alK)ut  10  per  cent,  moisture.  The  blanks  were  then 
routed  to  the  I-beam  form  shown  in  Fig.  2  for  test  in  bending 
over  a  span  of  6  feet  with  loads  at  the  third  points  of  the  span. 

Fig.  2. 


TYPICAL   FAILURES   OF    BEAMS    IN   GROUP    I. 


TYPICAL   FAILURES   OF    BEAMS   IN  GROUP   2. 


TYPICAL   FAILURES   OF   BEAMS   IN  GROUP  3. 

Pitch  pockets  and  their  influence  on  the  mechanical  properties  of    Douglas   fir  airplane 
wing  beams.      Showing  typical  failures  of  tested  beams  with  pitch  pockets  in  various  parts. 

These  beams  were  2^  inches  high  by  i  ^  inches  wide  with  %-inch 
webs  and  flanges.  A  length  of  3  inches  was  left  unrouted  at 
each  support  and  each  load  point.  Pitch  pockets  in  some  of  the 
blanks  were  eliminated  in  the  routing. 

Beams  were  divided  into  groups  i,  2,  and  3. 

Group  I  included  beams  having  pitch  pockets  in  the  com- 
pression flange  and  between  load  points.    Group  2  included  beams 


250 


J.  R.  Watkins. 


[J.  F.  I. 


having  pitch  pockets  in  the  tension  flange.  Group  3  incKided 
beams  having  pitch  pockets  in  the  web  and  between  support  and 
load  point.  Each  beam  containing  pitch  pockets  had  a  mate  free 
from  pitch  pockets  selected  as  previously  described  and  tested 
in  exactly  the  same  manner. 

Fig.  2  shows  typical  failures  of  beams  of  each  group.  The 
numerals  "  i  "  and  "  2  "  indicate  the  order  in  which  failures 
occurred. 

Group  I. — The  first  failure  of  all  the  beams  in  this  group  was 
by  compression,  or  buckling  at  the  pitch  pocket.  This  shows  con- 
clusively that  the  pitch  pocket  had  a  weakening  effect  and  was  the 
cause  of  failure. 

The  following  table  gives  the  results  of  tests  on  individual 
beams  of  this  group.  The  strength  properties  of  each  beam  are 
given  as  a  percentage  of  the  same  strength  property  of  the  beam 
matching  it.  The  matched  beam  was  free  from  pitch  pockets 
or  other  defects  aflfecting  its  strength. 

Table  I. 


Dimension  of  Pitch 

Pocket  in  inches 

Modulus 

Modulus  of 

Work  to  Maximum 

Beam  No. 

Elasticity 

Load 

Rupture 

L 

W 

D 

I'er  cent. 

Per  cent. 

Per  cent. 

31   P 

2 

1/16 

3/4 

99 

«5 

93 

22   P 

3 

1/8 

93 

106.5 

«7 

33  P 

3 

1/16 

98 

lOI.O 

100 

37  P 

3 

1/8 

I  1/4 

95 

98.5 

94 

41  P 

3 

1/16 

93 

97-5 

91 

17  P 

5 

l/« 

I  1/8 

77 

99-5 

55 

35  P 

5 

1/8 

88 

88 

86 

29  P 

6 

1/8 

I  1/4 

76 

81 

('7 

L  =  length  of  pitch  pocket. 

W  =  width  of  pitch  pocket  as  seen  on  face  of  beam. 
D  =  depth  of  pitch  pocket,  i.  e.,  distance  it  extends  into  beam. 

All  beams  in  this  series  had  the  annual  growth  rings  hori- 
zontal in  the  beam,  consecjuently,  JV  is  the  radial  and  J)  the  tan- 
gential  (to  the  annual  rings)   dimension  of  the  pitch  pocket. 

Beams  from  which  the  pitch  pockets  were  eliminated  in  rout- 
ing were  also  tested  and  compared  to  other  clear  beams  matched 
to  them  in  the  same  way  as  clear  beams  were  matched  to  beams 
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with  pitch  pockets.  There  were  80  clear  beams  matched  in  pairs 
in  this  manner.  Data  from  these  tests  are  of  assistance  in  inter- 
preting the  resuhs  given  in  Table  I.  These  data  show  that 
"  matched  "  pieces  differ  from  each  other  even  when  both  are 
free  from  defects. 

Modulus  of  Modulus  of       Work  to 

Rupture  Elasticity    Maximum  Load 

Average    ratio   of    strength    property   of 
a  clear  beam  to  that  of  another  clear 

beam  matched  to  it 990  .988  .996 

Probable  deviation  of  individual  ratio 

from  average    044  .046  .111 

The  figures  on  "  probable  deviation "  indicate  that  with 
material  selected  and  matched,  as  in  the  present  instance,  a  piece 
which  is  clear  of  defects  will  in  one  case  out  of  four  be  expected 
to  be  no  more  than  94.6  per  cent,  as  strong  in  modulus  of  rupture 
as  its  mate  (also  free  from  defects).  The  corresponding  figures 
for  the  other  properties  are  modulus  of  elasticity  94.2  per  cent., 
work  to  maximum  load  88.5  per  cent. 

From  this  it  is  seen  that  two  of  the  four  pieces  with  3-inch 
pitch  pockets  fall  below  their  mates  by  an  amount  which  would  be 
expected  to  be  found  somewhat  less  frequently  than  one  time  out 
of  four  in  the  case  of  pieces  free  from  defects.  The  piece  with 
a  2-inch  pitch  pocket  falls  well  within  this  limit  for  modulus 
of  rupture  and  work  to  maximum  load.  It  will  be  noted  that  the 
damage  from  5-inch  and  6-inch  pitch  pockets  is  quite  serious  in 
beams  of  this  size. 

Group  2 — Pitch  Pockets  in  Tension  Flange  and  Betzveen  Load 
Points. — The  pitch  pockets  in  this  group  were  not  greater  in  length 
than  four  inches  and  in  one  case  only  did  the  line  of  failure  pass 
through  the  pitch  pocket. 

Group  J — Pitch  Pockets  in  Web  Betzveen  Support  and  Load 
Point. — Beams  in  this  group  were  tested  to  ascertain  the  effect  of 
pitch  pockets  on  the  strength  in  horizontal  shear. 

The  fact  that  in  beam  No.  55  (see  Fig.  2)  the  horizontal  shear 
failure  passes  through  the  pitch  pocket  and  the  further  fact  that 
this  beam  failed  at  a  lower  load  than  did  its  mate  may  be  taken 
as  an  indication  that  a  pitch  pocket  of  this  length  (4  inches) 
constitutes  a  weakening  in  horizontal  shear. 

The  conclusions  reached  from  these  tests  are  that : 
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1.  The  effect  of  a  pitch  pocket  is  dependent  on  its  size  and 
location. 

2,  The  effect  of  small  pitch  pockets  on  strength  properties  is 
probably  much  smaller  than  has  been  supposed. 

While  these  tests  were  on  Douglas  fir  only,  there  is  no  reason 
to  suppose  that  the  results  are  inapplicable  to  other  species. 

The  tests  are  not  sufficiently  numerous  to  fix  definite  limits  to 
the  size  of  pitch  pockets  which  may  be  permitted  in  different  parts 
of  various  airplane  members.     In  fact,  it  may  easily  be  seen  that 

Fig.  3. 
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a  very  large  number  of  tests  would  be  required  to  cover  the  pos- 
sible combinations  of  size,  character  and  location  of  such  pockets. 
The  following  suggested  general  specifications  for  wing  beams 
of  I-.section  (solid  or  built-up)  are  based  not  only  on  the  tests 
descril>ed  above  but  on  many  years'  observation  by  members  of 
the  Forest  Products  Laborator)-  of  the  effect  of  pitch  pockets 
and  various  other  defects  on  strength  properties  and  (Mi  failures 
under  test. 

(a)  At  points  where  the  computed  stress  nuiltii)He(l  by  the 
loading  factor  is  equal  to  the  maximum  allowable  stress  the  beams 
must  be  entirely  free  from  pitch  pockets. 

(b)  At  points  where  the  computed  stress  multiplied  by  the 
loadinjr  factor  or  so-called  "  factor  of  safetv  "  d(H^s  not  exceed 
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90  per  cent,  of  the  maximum  allowable  stress  pitch  pockets  13^ 
inches  in  length  and  not  to  exceed  ys  inch  in  width  or  depth  may 
be  allowed  in  any  part  of  the  section,  except  the  outer  quarters 
of  the  flange — provided  they  do  not  cause  a  slope  of  grain  steeper 
than  I  in  25  in  the  outer  quarters  of  the  flange.  No  pitch  pockets 
to  be  allowed  in  outer  quarters  of  flange. 

(c)  At  points  where  the  computed  stress,  multiplied  by  the 
loading  factor,  does  not  exceed  70  per  cent,  of  the  maximum 
allowable  stress,  pitch  pockets  2  inches  in  length  and  not  to 
exceed  }4  inch  in  width  or  depth  may  occur  any  place  in  the 
section,  except  in  the  outer  quarters  of  the  flange — provided  they 
do  not  cause  a  slope  of  grain  steeper  than  i  in  20  in  the  outer 
quarter  of  the  flange.  No  pitch  pockets  to  be  allowed  in  outer 
quarters  of  flange. 

(d)  At  points  where  the  computed  stress,  multiplied  by  the 
loading  factor  does  not  exceed  50  per  cent,  of  the  maximum  allow- 
able stress,  pitch  pockets,  1^2  inches  in  length  and  %  inch  in  width 
or  depth  may  occur  in  the  outer  quarters  of  the  flange  and  pitch 
pockets  3  inches  in  length  and  %  inch  in  width  or  depth  may 
occur  in  any  other  portion  of  the  section — provided  they  do  not 
cause  a  slope  of  grain  steeper  than  i  in  15  in  the  outer  quarters 
of  the  flange. 

(e)  Pitch  pockets  in  the  w^eb  may  not  be  closer  together  than 
20  inches;  if  in  the  same  annual  ring  they  may  not  be  closer 
together  than  40  inches.  In  other  portions  of  the  section  these 
distances  may  be  10  and  20  inches,  respectively. 
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Asphalt  in  the  United  States.  (U.  S.  Geological  Survey,  Press 
Bulletin,  July,  1919.) — Asphalt  is  widely  known  and  has  long  been 
extensively  used  in  road  construction,  but  in  recent  years  many 
producers  of  asphalt  and  allied  substances  have  successfully  mar- 
keted their  products  for  other  uses. 

Asphalt  is  most  largely  used  in  this  country  in  paving  city 
streets  and  country  roads,  and,  though  its  utilization  in  road 
building  in  1918  was  restricted  chiefly  to  the  maintenance  of  exist- 
ing pavements  and  to  new  construction  at  cantonments,  shipyards, 
and  elsewhere  in  war  work,  a  larger  quantity  of  paving  asphalt, 
binder,  filler,  road  oil,  and  flux  was  made  from  petroleum  and 
crude  native  asphalt  and  sold  last  year  than  had  been  sold  in  any 
one  year  preceding  the  war. 

The  uses  of  asphaltic  materials,  including  both  native  asphalt 
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and  asphalt  made  from  petroleum,  as  well  as  gilsonite,  grahamite, 
and  elaterite,  in  buildings  and  other  structures  are  manifold.  As 
they  are  elastic,  antiseptic,  acid-resistant,  and  moisture  proof, 
these  materials  are  being  widely  employed  for  use  in  flooring  and 
roofing,  in  waterproof  coating,  and  in  electric  insulation,  as  well 
as  in  the  manufacture  of  varnish,  paint,  and  putty.  Although 
these  materials  have  been  marketed  for  relatively  few  years  they 
are  in  general  demand  among  contractors  and  engineers  and  their 
use  is  rapidly  increasing. 

Gilsonite,  the  purest  known  hydrocarbon,  has  found  great 
favor  in  the  rubber  industry.  As  pure  rubber  is  sensitive  to  heat 
and  cold  it  can  not  be  used  advantageously  for  making  products 
that  are  exposed  to  extreme  temperatures,  but  when  it  is  mixed 
with  gilsonite  and  the  mixture  is  vulcanized  the  rubber  under- 
goes changes  in  composition  that  enable  it  to  resist  variations  in 
temperature  as  well  as  oxidation.  The  product  of  this  mixture, 
which  is  called  mineral  rubber,  is  well  adapted  to  outdoor  use, 
and  the  demand  for  it  is  increasing. 

Ozokerite,  a  native  paraffin,  is  utilized  in  the  manufacture  of 
leather  polish,  sealing  wax,  electrotypers'  wax,  candles,  electric 
insulation,  carbon  paper,  and  ink.  Prior  to  the  war  all  the  ozo- 
kerite used  in  this  country  was  imported,  chiefly  from  Galicia, 
but  when  that  source  of  supply  was  cut  oiT  a  search  was  made  for 
deposits  in  the  United  States,  and  this  hydrocarbon  first  entered 
the  market  from  domestic  deposits  in  1916.  Most  of  the  output 
in  1 91 8  was  used  as  an  acid-proof  coating  for  electrotypers'  plates. 

American  Chemical  Society.  (A.  C.  S.  News  Service,  July  14, 
1919.) — The  fifty-eighth  meeting  of  the  American  Chemical  So- 
ciety will  be  held  in  the  city  of  Philadelphia  from  September  2nd 
to  6th  inclusive.  The  first  general  meeting  will  be  held  on  Wednes- 
day morning,  September  3rd.  One  of  the  features  will  be  the  first 
session  of  the  newly  organized  dye  section.  There  will  be  a  joint 
session  of  this  section  with  the  Division  of  Industrial  Chemists 
and  Industrial  Engineers  to  consider  a  proposal  to  revise  the 
])atent  laws.  It  has  been  suggested  that  the  charging  of  a 
nominal  annual  renewal  fee  would  compel  many  patentees  to 
ex])loit  their  patents  rather  than  to  permit  them  to  remain  unde- 
veloped for  many  years.  Special  arrangements  have  been  made 
to  give  to  all  delegates  to  the  convention  access  to  the  various 
chemical  plants  in  and  around  Philadelphia.  ;\n  o])])ortunity  to 
view  the  large  munition  works  will  also  be  given  the  visitors. 


RECENT  PROGRESS  IN  THE  MANUFACTURE  OF 
GLASSES  FOR  PROTECTING  THE  EYE  FROM 
INJURIOUS     RADIATIONS/^- 

BY 

W.  W.  COBLENTZ,  Ph.D. 

Associate  Physicist,  Bureau  of  Standards. 

The  old  saying  that  it  is  an  ill  wind  that  blows  no  one  good, 
is  well  illustrated  in  the  manufacture  of  optical  glass. 

One  of  the  chief  requirements  in  the  manufacture  of  optical 
instruments  is  a  colorless  glass.  Iron  is  the  most  common 
substance  which  causes  discoloration  in,  and  hence  diminishes, 
the  transmission  of  optical  glass.  On  the  other  hand,  iron  impuri- 
ties in  glass  have  a  marked  absorption  in  the  infra-red,  the 
maximum  being  at  about  i/^.  This  property  may,  therefore,  be 
utilized  in  the  manufacture  of  glasses  for  protecting  the  eye 
from  infra-red  rays. 

Although  it  has  not  been  definitely  proven  that  infra-red  rays 
are  injurious  to  the  eye,  there  seems  to  be  a  feeling  that  protec- 
tion from  these  rays  should  be  provided.  Fortunately  this  can 
be  done  easily  and  cheaply.  And  now  the  most  pampered  can  be 
provided  with  glasses  which  not  only  give  protection  from  rays 
which  are  known  to  be  injurious,  but  also  supply  the  most  exact- 
ing demands  as  to  color,  etc. 

It  is  of  interest  to  consider  the  transmissive  properties  of 
various  glasses  which,  used  separately  or  in  combination,  protect 
the  eye  from  injurious  radiations — particularly  from  ultra-violet 
rays. 

The  ideal  glass  would  be  one  which  absorbs  all  the  ultra- 
violet and  infra-red,  and  transmits  only  the  visible  rays,  by  an 
amount  sufficient  to  prevent  irritation  and  injury  to  the  eye. 

Four  years  ago  the  question  of  providing  glasses  for  pro- 
tecting the  eye  from  injurious  radiations  was  practically  new  and 
untouched.  At  that  time  the  feeling  was  expressed  ^  that :  "  It 
appears  as  though   in   the  near   future  glasses   fulfilling  every 

*  Communicated  by  the  Author. 

*  Jour.  Franklin  Institute,  May,  1913. 
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requirement  will  be  obtainable,  and  it  speaks  well  for  American 
enterprise  to  be  willing  to  spend  a  few  dollars  in  attempting  to 
produce  devices  for  safeguarding  the  health  and  contentment 
of  the  public." 

In  the  meantime,  this  prediction  has  become  a  reality.  The 
subject  of  eye  protection  has  become  national  in  importance,  and 
manufacturers  of  eye  protective  glasses  are  meeting  the  most 
stringent  requirements. 

Fjg.  I. 


The  variety  of  ways  in  which  various  manufacturers  of  eye- 
protective  glasses  fulfill  these  requirements,  will  be  noticed  in  con- 
nection with  the  transmissive  properties  of  various  glasses,  which 
will  now  be  discussed.  In  most  cases  these  glasses  were  about 
2  mm.  in  thickness.  More  detailed  data  may  be  obtained  by 
consulting  the  original  paper.^ 

Colorless  Glass. — It  is  of  interest  to  r.ote  the  characteristics 


'  Bull.  Bur.  .Standards.  14,  p.  663,  IQ18. 
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of  optically  colorless  glass.  Curve  A,  Fig.  i,  gives  the  trans- 
mission of  a  sample  of  white  crown  glass  which  transmits  ultra- 
violet to  about  0.3A1  and  infra-red  to  about  4.8/^.  The  shallow 
absorption  bands  at  2.9^  and  3.6/A  are  characteristic  of  glasses. 

The  presence  of  iron  impurities  produces  a  marked  change 
in  the  transmission  of  a  glass  with  an  absorption  band  at  about 
1. 1/4.     This  is  illustrated  in  curves  A  and  C  of  Fig.  2,  which 


Fig.  2. 
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gives  the  transmission  of  window  glass.  Viewed  edgewise,  such 
glass  appears  tinged  green. 

Red  Glass. — Curve  B,  Fig.  i,  shows  that  red  glass  absorbs 
the  ultra-violet  and  most  of  the  visible  rays.  But  it  affords 
practically  no  more  protection  from  infra-red  rays  than  does 
clear  glass. 

Amber  Glass. — As  illustrated  in  Curve  B,  Fig.  2,  amber 
glass  absorbs  the  ultra-violet  and  some  of  the  visible  spectrum. 
Iron  impurities  produce  an  absorption  band  at  i.i/u,.  Aqueous 
solutions  of  iron  alum  have  an  absorption  band  at  about  i/i. 

Green  Glass. — Curves  A,  B  and  C,  Fig.  3,  show  that  green 
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glass  is  opaque  to  the  ultra-violet  and  has  a  wide  absorption 
band  in  the  region  of  i/^.  In  combination  with  other  glasses,  it 
affords  suitable  protection  from  injurious  rays. 

Bhic  Glass. — Curve  A,  Fig.  4,  gives  the  transmission  of  a 
sample  of  cobalt  blue  glass.  In  spite  of  the  fact  that  blue  glasses 
transmit  ultra-violet,  they  are  used  in  some  high  temperature  work. 
Combined  with  a  deep  amber,  red  or  green  glass,  it  affords  pro- 
tection from  injurious  rays.     For  example.  Curve  C,  Fig.  5,  gives 

Fig.  3. 
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the  transmission  of  a  combination  of  several  red  and  blue  glasses 
used  in  arc  welding.  Curve  D,  Fig.  5,  gives  the  transmission  of 
a  combination  of  a  flashed  red,  a  green  and  a  blue  glass  used  in 
oxy-acetylene  welding.  These  two  coml>inations  were  found  to 
reduce  the  intensity  of  the  visible  rays  by  a  suitable  amount,  and 
they  afford  proper  protection  from  the  infra-red  and  especially 
the  ultra-violet.  (In  these  two  curves,  C,  D,  Fig.  5,  the  trans- 
missions are  double  the  values  indicated  on  the  .scale.) 

Sofjc    (irccn    and   Blue    Green. — Two    excellent    glasses    for 
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absorbing  the  ultra-violet  and  infra-red  are  Crookes'  ferrous 
sage  green  (American  Optical  Co.,  Curve  B,  Fig.  4),  and  Corning 
C,  124  J. A.,  Curve  C,  Fig.  4. 

Gold  Leaf. — A  thin  film  of  gold  on  glass  (obtained  from 
A.O.C.;  see  Curves  A  and  B,  Fig.  5)  eliminates  the  infra-red 
and  ultra-violet,  and  by  selecting  the  proper  density  provides  also 
protection  from  visual  rays. 

Black  Glass. — Ordinary  "  smoke  "  glasses  are  good  for  out- 
door wear,  but  they  do  not  give  sufficient  protection  when  working 
near  sources  of  intense  ultra-violet  radiation. 


Fig.  6. 
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Judging  from  the  small  number  of  "  black ''  glasses  sub- 
mitted for  test,  in  comparison  with  other  glasses  used  in  oxy- 
acetylene  welding  and  cutting,  it  would  appear  that  the  so-called 
deep  "  black  "  glasses  are  not  used  extensively. 

Novizvcld. — This  is  a  commercial  eye-protective  glass  (Com- 
ing Gl.  Works)  which  effectively  absorbs  the  ultra-violet  and 
infra-red  rays.  The  transmissive  properties  of  various  shades 
are  shown  in  Fig.  6. 

Dyes. — Attempts  have  been  made  to  use  dyed  celluloid  films 
instead  of  colored  glass  for  protection  against  harmful  radia- 
tions. In  this  manner  it  seems  feasible  to  absorb  the  ultra- 
violet and  visible  rays.  But  the  writer  knows  of  no  dye  which 
has  marked  absorption  throughout  the  infra-red.  As  shown  in 
Curve  C,  Fig.  i,  a  .sheet  of  celluloid  which  is  dyed  so  as  to  l)e 
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opaque  to  the  visible  and  ultra-violet,  is  quite  transparent  in  the 
infra-red. 

The  published  data  of  others  ^  show^s  that  dyes  {e.g.,  green  and 
violet  dyes)  which  absorb  the  yellow  and  red  become  quite  trans- 
parent in  the  infra-red.  Hence,  unless  a  dye  is  found  which 
absorbs  the  infra-red.  the  outlook  for  substituting  dyed  films  for 
colored  glasses,  for  absorbing  the  infra-red,  is  not  very 
encouraging. 

The  foregoing  is  a  brief  description  of  the  characteristics  of 
glasses  readily  obtainable,  which  singly  or  in  combination  afford 
protection  from  injurious  radiations. 
W.ASHiNGTox,  D.  C,  April  15,  1919. 

'  Pfund.  Zeitschr.  JViss.  Photog.,  12,  p.  341,  1913;  Johnson  and  Spence, 
Phys.  Rev.  (2).  5,  p.  349,  1915. 


Precious  Stories  in  the  United  States,  {U.  S.  Geological  Sur- 
vey, Press  Bulletin,  July,  1919.) — The  value  of  the  precious  stones 
annually  produced  in  the  United  States  from  the  beginning  of  this 
century  to  1914  has  been  about  one-third  of  a  million  dollars.  In 
1914  and  in  every  year  since,  the  annual  value  of  the  output  has 
dropped  considerably,  and  in  1918  it  dropped  to  $106,523,  the  lowest 
reported  since  the  United  States  Geological  Survey  began  to  collect 
statistics  of  gem  production,  in  1883,  with  the  single  exception  of 
1896,  when  it  was  $97,850. 

The  report  on  the  production  of  precious  stones  in  1918,  just 
published  by  the  Survey,  ascribes  the  decrease  in  the  value  of  the 
precious  stones  produced  to  the  military  enlistment  of  many  gem 
miners,  the  general  scarcity  of  labor,  and  the  poor  market. 

The  output  consisted  chiefly  of  the  sapphire  variety  of  corun- 
dum, which  is  nearly  all  used  as  mechanical  bearings  in  watches 
and  other  instruments  that  require  practically  nonwearing  fric- 
tionless  bearings.  Other  less  valuable  and  softer  minerals  used 
for  this  purpose  are  garnet  and  some  forms  of  hard,  compact 
silica,  known  as  agate  and  chalcedony.  The  annual  value  of 
the  output  of  the  four  gem  minerals,  corundum,  quartz,  tour- 
maline, and  turquoise,  amounts  to  over  four-fifths  of  the  total 
value  of  all  the  precious  stones  produced  in  the  United  States. 

Montana,  Nevada,  California,  Colorado,  Maine,  and  Arizona 
are  the  chief  gem-producing  States,  but  from  20  to  30  States 
annually  report  some  production. 

Several  relatively  large  diamonds  were  found  in  Arkansas  in 
1918,  notably  a  canary-colored  octahedron  weighing  nearly  18  carats 
and  a  number  of   smaller  stones  weighing  several  carats  each. 
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The  value  of  all  the  diamonds  produced  in  the  United  States, 
however,  in  no  year  exceeds  a  few  thousand  dollars. 

The  report  also  records  the  finding  of  two  large  diamonds  in 
South  Africa,  weighing  about  three  ounces  each.  It  is  estimated 
that  about  half  the  diamonds  in  the  world  are  owned  in  the  United 
States  and  that  their  value  is  over  a  billion  dollars.  With  the 
elimination  of  competition  from  German  Southwest  Africa  95 
per  cent,  of  the  world's  production  of  diamonds  will  be  under  the 
control  of  the  De  Beers  Consolidated  Mines  Co.  and  its  selling  agents. 

The  report  gives  a  short  list  of  the  industrial  uses  of  precious 
stones  of  gem  quality  and  full  descriptions  of  the  Iceland  spar 
variety  of  calcite  and  of  optical  fluorite,  states  the  special  uses 
and  necessary  qualifications  of  the  material,  and  includes  lists 
of  buyers. 

The  report  on  the  production  of  precious  stones  in  1917  con- 
tains a  full  list  of  gem  names,  each  followed  by  the  name  of  the 
mineral  species  to  which  the  gem  belongs.  A  second  list  gives 
names  of  the  mineral  species,  each  followed  by  all  the  names  of 
the  corresponding  gem. 

Central-Station  Heating  in  Detroit.  J.  H.  Walker.  (The 
American  Society  of  Mechanical  Engineers,  Spring  Meeting,  June, 
1919.) — The  general  problem  of  the  utilization  of  the  heat  ordinarily 
discharged  to  the  condensing  water  in  a  central  electric  generating 
station  is  discussed.  The  impossibility  of  its  complete  utilization  for 
the  purpose  of  heating  buildings  and  the  difficulties  in  the  way  of 
even  its  partial  utilization  are  pointed  out,  with  particular  reference 
to  conditions  existing  in  Detroit,  Michigan. 

The  development  of  the  central  heating  system  of  the  Detroit 
Edison  Company  is  traced,  showing  how  the  use  of  exhaust  steam 
for  heating  was  abandoned  in  favor  of  live  steam.  The  reasons  why 
it  is  more  commercially  expedient  under  the  existing  local  condition 
to  supply  live  steam  to  the  heating  system  and  to  generate  all  electric 
current  in  the  condensing  stations  are  also  fully  brought  out. 

The  paper  also  describes  some  interesting  features  of  the  central 
heating  system  in  Detroit,  such  as  the  boiler  plants,  distributing 
system,  underground  construction  of  pipes  and  tunnels,  consumers' 
installations  and  meters.  Sj)ecial  mention  is  also  made  of  distribu- 
tion los.ses,  condensation  return  lines,  and  the  method  of  transmit- 
ting .steam  through  feeders  at  high  velocities  and  with  large  pres- 
sure drops. 

The  pa])er  concludes  with  a  discussion  of  the  advantages  of  cen- 
tral heating  service  and  of  the  obstacles  to  its  wider  use.  It  also 
points  out  the  possibility  of  ()i)erating  imhvidual  plants  in  combina- 
tion with  the  central  plant. 
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SOME    OPTICAL    AND    PHOTOELECTRICAL    PROPERTIES 
OF  MOLYBDENITE.' 

By  W.  W.  Coblentz  and   H.  Kahler. 

[abstract.] 

This  paper  gives  data  on  the  transmissivity  and  the  reflec- 
tivity of  molybdenite ;  also  data  upon  its  change  in  electrical  con- 
ductivity, when  exposed  to  thermal  radiations  of  wave-lengths 
extending  from  the  ultra-violet  into  the  extreme  infra-red. 

The  effect  of  temperature,  humidity,  intensity  of  the  exciting 
light,  etc..  upon  the  photoelectrical  sensitivity  of  molybdenite  was 
investigated. 

It  was  found  that : 

( 1 )  Samples  of  molybdenite,  obtained  from  various  localities, 
differ  greatly  in  sensitivity. 

(2)  There  are  maxima  of  sensitivity  in  the  region  of  0.73/^, 
.85ft,  i.02fi,  and  1.8(1. 

(3)  There  is  no  simple  law  governing  the  variation  in  the 
photoelectric  response  with  variation  in  intensity  of  the  radia- 
tion stimulus. 

(4)  The  increase  in  photoelectric  current  with  increase  in 
intensity  of  the  incident  radiation  is  greatest  for  infra-red  rays. 
It  is  greatest  for  low  intensities  of  the  exciting  light  and  it  is 
greatest  on  the  long  wave-length  side  of  the  maximum. 

(5)  The  photoelectric  sensitivity  increases  with  decrease  in 
temperature.  At  70^  C.  the  bands  at  1.02/A  and  i.S^i  have  prac- 
tically disappeared.  On  the  other  hand,  at  liquid  air  temperatures, 
the  greatest  change  in  electrical  conductivity  is  produced  by  radia- 
tions of  wave-lengths  between  o.Sfi  and  0.9/*. 

Unlike  selenium,  molybdenite  appears  unique  in  being  photo- 
electrically  sensitive  to  infra-red  rays,  extending  to  about  3/^. 

*  Communicated  by  the  Director. 
'  Scientific  Paper  No.  338. 
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A  STANDARDIZED  METHOD  FOR  THE  DETERMINATION   OF 
SOLIDIFICATION   POINTS,  ESPECIALLY  OF   NAPHTHA- 
LENE AND  PARAFFIN/ 

By  R.  M.  Wilhelm  and  J.  L.  Finkelstein. 
[abstract.] 

This  paper,  after  a  brief  treatment  of  the  definitions  of  melt- 
ing and  freezing  points  both  of  pure  substances  and  of  mixtures, 
describes  a  method  of  making  solidification  point  determinations 
of  naphthalene.  This  method  was  recommended  at  a  conference 
of  Bureau  of  Standards  and  U.  S.  Customs  officials  and  is  based 
on  the  well-known  cooling  curve  or  constant  temperature  method. 
The  method  is  shown  to  be  applicable  to  the  determination  of  the 
freezing  points  of  paraffin  and  other  substances. 


THE  STANDARDIZATION  OF  THE  SULPHUR  BOILING  POINT.' 

By  E.  F.  Mueller  and  H.  A.  Burgess. 
[abstract.] 

This  paper  describes  experiments  made  to  complete  the  data 
which  are  required  for  the  standardization  of  the  sulphur  boil- 
ing point  as  a  thermometric  fixed  point.  The  precision  attainable 
in  calibration  of  resistance  thermometers  at  the  sulphur  boiling 
point  is  so  much  higher  than  the  accuracy  of  the  gas  thermometer 
determinations  of  the  temperature  that  it  was  considered  desir- 
able to  standardize  the  temperature  corresponding  to  normal  at- 
mosphere pressure  by  definition  at  444.° 60,  and  the  data  from 
which  this  figure  was  deduced  are  given. 

Experiments  were  made  to  determine  the  effects  of  type  of 
radiation  shield,  the  type  of  boiling  apparatus  and  purity  of  sul- 
phur, upon  the  temperature  assumed  by  a  resistance  thermometer 
in  the  sulphur  vapor.  The  conclusions  reached  were  that  if  a 
radiation  shield  is  to  be  effective,  its  inner  surface  should  l">e  a 
good  radiator,  that,  within  wide  limits,  the  temperature  is  inde- 
pendent of  the  type  of  boiling  apparatus  used,  and  that  sulphur 
of  a  high  degree  of  purity,  which  is  however  readily  obtainable, 
should  l)e  used. 

The  relation  between  the  vapor  pressure  of  sulphur  and  the 

'  Scientific  Paper  No.  340. 
°  Scientific  Paper  No.  339. 
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temperature,  over  the  pressure  range  from  700 -to  800  mm.  was 
determined  with  a  precision  of  o.^oi  or  better.  The  result  of  this 
work  is  the  equation  : 

/  =  444.^60 +  0.0910  (p-760) -0.000049  (p-76o)2  ^vhere  t  is 
the  temperature  in  Centigrade  degrees,  assumed  by  a  properly 
shielded  resistance  thermometer  in  the  standard  form  of  sulphur 
boiling  apparatus,  and  />  is  the  pressure,  expressed  in  equivalent 
millimetres  of  mercury  at  0°  and  under  standard  gravity  (g  = 
980.665).  In  an  appendix  are  given  the  specifications  for  a  pro- 
posed standardization  of  the  sulphur  boiling  point. 


METALLIC   COATINGS   FOR  THE  RUST-PROOFING   OF 
IRON  AND  STEEL.' 

[abstract.] 

Steel  is  protected  against  corrosion  in  a  great  variety  of 
ways,  including  metallic  and  related  coatings,  paints,  lacquers,  var- 
nishes, enamels,  etc.  The  circular'  deals  with  the  various  types 
of  metallic  coatings,  including  those  closely  related  in  their  nature 
and  method  of  production  (oxide  and  similar  coatings).  The 
methods  of  application  and  characteristics  of  the  different  metal 
coatings  are  discussed  and  it  is  shown  that  zinc,  because  of  its 
electro-positive  nature  with  respect  to  iron,  is  the  metal  to  be 
relied  upon  when  protection  against  corrosion  is  the  prime  con- 
sideration. Other  considerations,  e.g.,  freedom  from  toxic  effects, 
e.g.,  for  food  containers,  often  lead  to  the  choice  of  some  metal 
other  than  zinc  for  a  coating. 

The  structure  and  uniformity  of  distribution  of  the  different 
classes  of  zinc  coatings  are  discussed  and  their  bearing  upon  the 
behavior  in  service  is  pointed  out.  Of  the  various  methods  which 
are  used  for  the  testing  of  coated  materials,  the  "  salt  spray  "  test 
is  by  far  the  most  satisfactory.  The  articles  to  be  tested  are  ex- 
posed to  a  fine  mist  of  a  saturated  salt  solution  and  the  length 
of  time  that  they  successfully  withstand  this  severe  exposure  is 
a  fair  index  of  the  service  life  that  may  be  expected  for  the  speci- 
men. This  test  while  not  entirely  satisfactory  is  the  best  which 
has  yet  been  suggested. 

A  series  of  recommendations  concerning  the  choice  of  pro- 
tective metallic  coatings  for  various  types  of  works  is  given,  to- 
gether with  a  good  working  bibliography  of  the  subject. 

*  Circular  No.  80. 
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LEAKAGE  RESISTANCE  OF  ELECTRIC  RAILWAY   ROADBEDS 
AND  ITS  RELATION  TO  ELECTROLYSIS. 

By  E.  R.  Shepard. 

[abstract.] 

Technologic  Paper  127  of  the  Bureau  of  Standards,  entitled 
"  Leakage  Resistance  of  Electric  Railway  Roadbeds  and  its  Rela- 
tion to  Electrolysis,"  by  E.  R.  Shepard,  Electrical  Engineer,  gives 
the  result  of  more  than  three  years  of  electrical  resistance  meas- 
urements on  different  types  of  roadbeds.  Electrolytic  damage  to 
underground  piping  systems  is  caused  from  the  escape  of  current 
from  the  rails  of  electric  lines  and  the  resistance  of  the  roadbed 
is  an  important  factor  in  the  amount  of  current  which  may  escape. 

Short  sections  of  fourteen  common  types  of  roadbeds  were 
constructed  on  the  grounds  of  the  Bureau  of  Standards  and  resis- 
tance measurements  under  varying  weather  conditions  were  car- 
ried on  for  a  period  of  three  years.  Some  measurements  were 
also  made  on  a  number  of  city  lines  in  and  about  Washington,  both 
open  track  and  several  types  of  roadbed  in  paved  streets  being 
investigated.  Through  the  cooperation  of  the  United  States  For- 
est Products  Laboratlory  at  Madison,  Wisconsin,  measurements 
were  also  made  on  several  sections  of  test  track  on  the  Chicago, 
Milwaukee  and  St.  Paul  Railway  where  railroad  ties  subjected  to 
several  different  kinds  of  preservatives  were  employed.  The  re- 
sults of  these  measurements  are  given  in  tabular  and  graphical 
form,  and  the  following  conclusions  have  been  drawn  : 

I.  Roadbeds  constructed  with  solid  concrete  ballast  and  vitri- 
fied brick  or  other  non-porous  pavements  have  a  low  leakage 
resistance  to  earth  which  is  affected  only  moderately  by  seasonal 
and  weather  changes.  There  is  little  difference  between  wood 
and  steel  ties  in  their  effect  on  the  resistance  of  roadbeds  of  this 
kind.  Insulation  is  not  of  practical  value  in  reducing  leakage  cur- 
rent from  such  roadbeds.  The  resistance  of  single  roadbed  of 
this  type  is  from  0.2  to  0.5  ohm  per  1000  feet,  under  ordinary 
conditions,  but  may  be  two  or  three  times  this  when  the  ballast  is 
frozen  to  a  depth  of  i  foot  or  more.  For  dou1)le  roadbed  of  this 
type  the  resistance  is  approximately  70  per  cent,  of  that  for  single 
roadbed,  or  the  leakage  from  double  track  would  be  about  40  to 
50  per  cent,  greater  than  from  single  track. 

•Technical  Paper  No.  127.  •  ' 
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2.  Roadbeds  constructed  with  a  foundation  of  clean  crushed 
stone  under  concrete  paving  base  have  a  much  higher  resistance 
than  roadbeds  with  a  sohd  concrete  ballast.  In  the  case  of  the 
experimental  roadl)ed  the  ratio  was  found  to  be  about  3  to  i. 
Roadbeds  with  a  full  crushed  stone  ballast  and  a  Tarvia  finish 
have  a  very  high  leakage  resistance  which  is  of  the  order  of  2  to  5 
ohms  per  1000  feet  of  single  track.  The  leakage  from  a  double 
roadbed  of  this  type  and  other  high-resistance  types  is  from  80 
to  100  per  cent,  greater. 

3.  The  resistance  of  earth  roadbed  in  which  the  ties  are  im- 
Ijedded  and  therefore  kept  in  moist  condition  is  much  lower  than 
that  of  open  construction  roadl3ed,  l^eing  from  i  to  13/2  ohms  per 
1000  feet  of  single  track  under  normal  conditions  and  consider- 
ably more  when  the  ground  is  frozen. 

4.  The  resistance  of  roadbeds  of  open  construction  is  subject 
to  wide  variation  depending  upon  tihe  condition  of  the  ties  and 
ballast.  In  ver\-  dry  weather  with  good  ballast  the  resistance  will 
l3e  10  to  15  ohms  or  even  more  per  1000  feet  of  single  track,  but 
in  wet  weatlier  it  will  drop  to  from  3  to  5  ohms.  Cinder,  gravel 
and  particularly  crushed  stone,  when  used  as  a  ballast  in  open- 
track  construction,  produce  very  high-resistance  roadbeds.  Earth 
has  a  tendency  to  keep  the  ties  moist  and  therefore  to  increase  the 
leakage.  Open-construction  track  is  often  considered  to  be  insu- 
lated from  the  earth,  but  this  is  not  strictly  true.  Assuming  a 
potential  difference  between  the  track  and  the  earth  of  5  volts  and 
a  leakage  resistance  of  10  ohms  per  1000  feet  the  total  leakage 
per  mile  would  be  2.64  amp.  This  small  leakage  current  would 
not  ordinarily  be  harmful  to  underground  structures  in  the  vicin- 
ity of  the  track. 

THE  CONSTITUTION  OF  ALUMINUM  AND  ITS  LIGHT  ALLOYS 
WITH  COPPER  AND  WITH  ALUMINUM." 

By  P.  D.  Merica,  R.  G.  Waltenberg  and  J.  R.  Freeman,  Jr. 

[abstract.] 

The  temperature-solubility  curves  of  CuAla  and  of  Mg4- 
Al;;  in  aluminum  were  determined  by  the  method  of  annealing  and 
microscopic  examination.    Aluminum  dissolves  about  4.2  per  cent. 

•  Scientific  Paper  No.  337. 
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of  copper  as  CuAlg  at  525°  C.  and  about  12.5  per  cent,  of  mag- 
nesium as  Mg-4Al3  at  450°  C. 

The  solubility  of  both  compounds  decreases  with  decreasing 
temperature.  At  300°  C.  aluminum  dissolves  only  i  per  cent,  of 
copper  as  CuAlg  and  slightly  less  than  5.9  per  cent,  of  magnesium 
as  Mg4Al3. 

The  structural  identification  of  the  various  constituents, 
FeAlg,  CuAL,  Mg4Al3,  found  in  alloys  with  magnesium  and 
with  copper  is  described,  and  a  constituent  is  noted  in  all  light 
aluminum  alloys  containing  magnesium  which  is  believed  to  be 
MgsSi. 

The  solubility  of  iron  as  FeAlg  in  aluminum  is  at  all  tempera- 
tures less  than  0.15  per  cent. 

Small  amounts  of  silicon  up  to  from  0.12  to  0.20  per  cent,  are 
dissolved  by  aluminum  at  the  eutectic  temperature  but  are  repre- 
cipitated  upon  cooling  corresponding  to  the  diminished  solubility 
for  silicon  of  aluminum  at  lower  temperatures. 

Silicon  in  the  usual  commercial  amounts  is  probably  present 
as  a  compound  of  iron  and  silicon  together  with  some  aluminum. 
The  composition  of  this  compound  is  not  known,  but  it  sep- 
arates out  with  aluminum  and  FeAl.,  at  an  invariant  point  at 
610°  C. "__ 

Large  Engine  and  Small  Power.  {National  Engineer,  vol. 
xxiii,  No.  7,  p.  325,  July,  1919.) — The  Savannah,  the  first  ocean- 
going ship  to  use  steam  engine  propulsion  (1819),  shows  the 
difiference  between  then  and  now  of  boiler  pressures  available, 
so  much  so  that  comparatively  large  engines  were  needed  to 
develop  what  nowadays  is  considered  small  power.  The  engine 
of  the  Savannah  was  equi])ped  with  a  cylinder  40  inches  in  diameter 
and  60-inch  stroke,  built  by  Stephen  Vail,  near  Morristown,  N.  J. 
The  boilers  were  constructed  to  carry  a  steam  pressure  of  20  inches, 
registered  by  a  mercury  gauge,  and  were  built  by  Daniel  Tod,  of 
Elizabeth,  N.  J.  The.  paddle  wheels  could  be  folded  up  like  a  fan 
and  stored  on  deck  when  the  sea  was  too  rough  for  their  use. 
Although  both  sail  and  steam  power  was  used,  the  vessel  made, 
on  trial,  ten  miles  with  and  against  tide  in  one  hour  and  fifty 
minutes.  This  e(|uipmcnt  and  i)crf()rmance  of  the  Savannah  and 
that  of  (he  Maurclania  tells  the  story  of  achievement  in  marine 
performance. 
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THE   CONSTITUTION   OF  CAPSAICIN,   THE   PUNGENT 
PRINCIPLE   OF   CAPSICUM.' 

By  E.  K.  Nelson. 

[abstract.] 

Material  for  this  research  was  prepared  according  to 
Micko's  method  for  the  preparation  of  capsaicin.  The  best  yield 
obtained  was  50  grams  of  capsaicin  from  50  pounds  of  very  hot 
cayenne  pepper. 

Methylation  of  capsaicin  produces  methyl  capsaicin,  and  oxi- 
dation of  this  by  means  of  alkaline  potassium  permanganate  leads 
to  veratric  acid.  Hydrolysis  under  pressure  breaks  capsaicin  down 
into  vanillyl  amine  (4-hydroxy-3-methoxy  benzylamine)  and  a 
decylenic  acid.  That  the  decylenic  acid  in  the  molecule  of  cap- 
saicin does  not  possess  a  normal  chain  is  proven  by  the  fact  that 
on  hydrogenation  normal  decylic  acid  (capric  acid)  is  not 
formed,  but  an  isomeric  decylic  acid  melting  lower  than  capric 
acid. 

Capsaicin  is  therefore  a  condensation  product  of  vanillyl 
amine  and  a  decylenic  acid.  The  synthesis  of  substances  analogous 
to  capsaicin  is  being  undertaken,  and  will  form  the  subject  of  a 
later  communication.  Some  of  these  substances  already  pre- 
pared are  extremely  pungent. 


THE  ZINC  CONTENT  OF  SOME  FOOD  PRODUCTS.' 

By  Victor  Birckner. 
[abstract.] 

Examination  of  the  ash  disclosed  the  presence  of  appre- 
ciable quantities  of  zinc  in  many  food  products.  Bakers'  yeast, 
wheat,  oats,  com,  barley,  rye,  and  rice  contained  from  415  to  15 
mg.  of  zinc  per  1000  grams  of  fresh  substances.     In  ordinar}- 

*  Communicated  by  the  Chief  of  the  Bureau. 

'  Published  in  /.  Am.  Chem.  Soc.  41 :  11 15-21,  July,  1919. 

'  Published  in  /  .  Biol.  Chem..  38:  191-203,  Tune.  191Q. 
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market  milk  about  4.2  mg.  of  zinc  was  found  per  1000  grams, 
and  in  human  milk  from  6  to  14  mg.  per  1000  grams.  Practically 
all  the  zinc  in  hens'  eggs,  amounting  to  about  0.005  per  cent,  of 
the  yolk,  occurred  in  the  yolk. 

From  its  constant  occurrence  in  the  yolk  of  eggs  as  well  as 
in  cows'  and  human  milk,  it  is  inferred  that  the  element  zinc 
exerts  an  important  nutritive  function,  the  nature  of  which  is  not 
at  present  understood. 


Tumbler  Switches.  [Scientific  America)!,  vol.  cxxi,  No.  3, 
P-  53^  July  19.  1919-) — While  the  tumbler  switch  has  long  been 
the  standard  in  most  countries  abroad,  the  United  States  has 
persistently  stuck  to  the  snap  switch  and  the  push-button  switch. 
Of  late,  however,  the  advantages  of  the  tumbler  switch  have 
come  to  be  realized,  and  manufacturers  have  started  in  on  the 
production  of  such  switches.  Some  of  the  designs  ofifered  are 
typically  English,  while  others  are  distinctly  American  in  their 
simplicity  of  design.  The  new  switches  of  the  tumbler  type  are 
exceptionally  attractive  in  appearance  and  convenient  to  use.  A 
single  button  operates  the  mechanism,  which  is  of  the  quick 
make-and-break  variety.  Incidentally,  the  tumbler  switch  is  self- 
indicating,  the  position  of  the  lever  indicating  whether  the  switch 
is  "  on  "  or  "  off  "  at  a  glance. 

Air  Fans  for  Driving  Electric  Generators  on  Airplanes.     G. 

Francis  Gray,  John  W.  Reed  and  P.  N.  Elderkin.  (The  Ameri- 
can Society  of  Mechanical  Engineers,  Spring  Meeting,  June,  1919.) 
— The  authors  describe  the  method  employed  by  the  Radio  Develop- 
ment Section  of  the  War  Department  in  testing  air  fans  used  for 
driving  the  electric  generators  usually  installed  on  airplanes  for 
radio  communication.  They  also  discuss  at  some  length  the  various 
types  of  air  fans  and  present  numerous  photographs  and  curves 
clearly  illustrating  the  construction  of  the  fans  and  their  operating 
characteristics. 

The  difficulty  of  the  problem  lay  in  designing  a  fan  which  would 
turn  at  constant  speed  in  the  air  streams  of  widely  varying  speed  set 
up  by  the  airplane  in  flight.  The  various  types  of  fans  tested  were : 
Fixed-blade  fans  of  special  blade  shape;  fixed-blade  fans  with  wind 
brakes  centrifugally  regulated;  fixed-blade  fans  using  a  friction 
clutch  or  a  friction  brake  centrifugally  regulated,  and  pivoted-blade 
fans  in  which  the  pitch  is  centrifugally  regulated. 


NOTES  FROM  THE  U.  S.  BUREAU  OF  MINES.* 


METHOD    OF   ADMINISTERING   LEASES    OF    IRON   ORE  DE- 
POSITS  BELONGING  TO  THE  STATE  OF  MINNESOTA/ 

By  J.  R.  Finlay. 

At  the  request  of  the  State  Auditor  of  Minnesota  the 
Bureau  of  Mines  undertook  an  investigation  of  the  methods  of  ad- 
ministering State  leases  of  iron  ore  deposits.  As  the  material  in  the 
report  submitted  is  of  great  general  interest  it  has  been  published 
for  the  benefit  of  the  mining  industry  in  general.  The  State  of 
Minnesota  owns  40,400  acres  of  land  known  to  be  ore-bearing, 
containing  168,000,000  tons  of  iron  ore  of  present  commercial 
grade.  These  ores  are  mainly  leased  under  agreements  that  ex- 
pire at  the  average  date  of  1952,  under  a  royalty  of  25  cents  per 
ton  and  an  agreement  that  the  lessee  shall  work  the  mines  in  a 
manner  which  is  customary  in  skilful  mining.  Two  points  are 
therefore  involved :  whether  the  mines  are  actually  being 
so  worked,  and  on  what  ores  shall  the  State  demand  royalties. 
The  ores  range  in  grade  from  65  per  cent,  down  to  30 
per  cent.  iron,  average  ore  shipments  are  56  per  cent, 
iron,  and  it  is  therefore  practicable  to  mix  higher  grade 
ores  with  lower  grades,  providing  the  latter  are  above  the 
limit  of  profit.  The  investigation  shows  that  ores  under  48  per 
cent,  iron  dry  or  42  per  cent  natural  are  not  profitable  to  work 
under  present  conditions.  Concentrating  ores  which  run  only  30 
per  cent,  iron  up  to  50  per  cent,  iron  is  only  an  apparent  exception, 
since  in  this  case  it  pays  to  add  to  the  cost  of  production  in  order  to 
reduce  the  cost  of  transportation.  Whether  the  "  paint  rock," 
which  averages  alxDut  50  per  cent,  iron,  is  an  ore  is  a  matter  of  dis- 
pute 1>etween  State  officials  and  lessees.  The  conclusion  of  the 
author  is  that  under  present  conditions  it  cannot  be  considered  as 
ore,  and  its  removal  in  underground  operations  is  not  justified.  In 
open  cut  operations  it  has  to  l>e  removed  anyway,  and  it  can  be 
kept  segregated  in  case  it  may  eventually  prove  of  value.     The 
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taconite  or  "  iron  formation  "'  averages  about  35  per  cent.  iron. 
At  the  eastern  end  of  the  Mesabi  range  there  is  an  area  in  which 
the  taconite  has  been  so  magnetized  that  its  concentration  by 
magnetic  processes  is  possible.  At  the  present  time  the  capital  in- 
vestment required  to  make  this  separation  is  too  large  compared 
to  the  margin  of  profit,  but  it  is  not  at  all  impossible  that  at  some 
future  time  the  value  of  the  product  or  the  cost  of  construction 
of  the  plant  may  be  so  altered  as  to  make  this  material  commercial 
ore.  The  author  is  confident  that  enough  ore  is  available  in  Minne- 
sota to  keep  up  shipments  of  the  present  grade  for  30  years. 
There  is  not  much  ground  for  anxiety  as  to  the  conserving  of  these 
possible  sources  of  future  wealth.  The  ores  are  indestructible  and 
the  great  bulk  of  the  formations  are  not  likely  to  be  so  mixed  by 
mining  operations  as  to  become  utterly  inaccessible.  In  some  in- 
stances ores  leased  by  the  State  at  a  royalty  of  25  cents  per  ton 
have  been  sub-leased  at  a  higher  royalty  and  it  is  not  fair  to  the 
people  of  the  State  for  the  operator  to  refuse  to  mine  ore  that 
would  meet  the  25  cents  royalty  but  will  not  meet  the  higher  roy- 
alty. This  can  only  be  met  by  negotiations  between  the  operators 
and  lessees  for  modification  of  royalty  conditions.  The  con- 
clusion of  the  author  is  that  the  State  lands,  so  far  as  the  iron 
mines  are  concerned,  have  all  been  well  and  properly  administered. 


ELECTRODEPOSITION   OF  GOLD  AND  SILVER  FROM 
CYANIDE  SOLUTION.^ 

By  S.  B.  Christy. 

Electrolytic  precipitation  of  gold  and  silver  from  cyanide 
solution  would  seem,  on  the  face  of  it,  not  to  offer  any  great  diffi- 
culty since  the  electro-plating  of  gold  and  silver  is  a  well-de- 
veloped art.  But  as  a  matter  of  fact,  a  great  many  practical  diffi- 
culties develop  since  the  solutions  resulting  from  the  cyanide 
treatment  of  ores  are  a  rather  complex  mixture  of  salts,  and  no 
really  satisfactory  substance  has  been  found  for  the  insoluble 
anode  that  must  be  used.  The  precipitation  of  these  metals  by 
the  use  of  zinc  shavings  or  dust  is  so  relatively  simple  that  their 
electro-deposition  has  never  come  into  general  use,  although  a 
patent  for  such  a  process  was  issued  20  years  before  the  Mc Arthur 

'  Bulletin  150. 
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and  Forrest  patent  on  the  cyanide  process  of  gold  recovery  ap- 
peared. Meanwhile  a  nnmber  of  processes  for  this  purpose  have 
been  patented.  At  intervals  over  a  period  of  20  years  Professor 
Christy  studied  the  problem  and  took  out  a  patent  for  a  process  of 
his  own  in  1900.  Like  the  other  patented  processes  it  never  came 
into  general  use,  but  in  the  course  of  his  investigations  Professor 
Christy  performed  an  enormous  amount  of  experimental  work, 
which  is  recorded  in  this  monograph.  This  careful  record  of  ex- 
periments covering  all  phases  of  the  subject  under  investigation  is 
of  great  value  for  reference  for  investigators  in  the  field  of  elec- 
trolvtic  deposition  of  metals. 


ELECTRIC   FURNACE   LABORATORY   EQUIPMENT   AT 
SEATTLE  STATION,  U.  S.  BUREAU  OF  MINES. 

By  Charles  D.  Grier. 

The  power  supply  equipment  of  the  electric  furnace  labora- 
tory- at  the  Seattle  Station,  which  has  recently  been  installed,  con- 
sists of  two  140  kva.  transformers  and  two  duplex  induction  volt- 
age regulators  for  supplying  low  tension  current,  and  a  three-panel 
sw^itchboard  and  bus  bar  system  for  its  distribution.  As  different 
furnaces  are  built  to  fit  the  needs  of  the  various  problems  pre- 
sented, connections  can  be  made  between  the  bus  bar  system  and 
the  furnaces,  and  either  single  or  two-phase  power  supplied  at  any 
voltage  between  35  and  484  volts. 

The  transformers  and  regulators  are  connected  on  the  primary 
side  to  a  2,500-volt  line  from  the  Municipal  Power  Plant.  The 
secondary  coil  of  each  transformer  is  divided  into  four  sections, 
each  of  which  has  a  normal  voltage  of  78  volts.  The  voltage  of 
each  of  the  secondary  coils  of  the  regulators  can  be  made  anything 
from  43  volts  "  boosting  "  to  43  volts  '"  bucking,"  according  to 
the  relative  position  of  the  coils.  Each  transformer  secondary 
coil  is  connected  in  series  with  a  secondary  coil  in  one  of  the 
regulators  and  it  may  be  considered  that  the  combination  of  each 
transformer  and  its  regulator  is  a  transformer  with  four  coils, 
each  capable  of  delivering  450  amperes  at  any  voltage  between 
35  and  121  volts. 

On  the  switchboard  are  mounted  high  and  low  tension  volt- 
metres,  ammetres  for  both  phases,  a  power  factor  metre  indicat- 
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ing  and  recording;  Avattmetres  and  a  watthour  metre.  X'arious 
switches  permit  connecting  the  transformers  both  on  a  single  phase 
or  one  on  each  of  the  tAvo  phases,  on  the  primary  side,  and  of  con- 
necting the  secondary  coils  in  multiple,  series,  or  series-multiple. 
The  motors  which  operate  the  voltage  regulators  are  controlled 
by  push-button  switches  on  the  board,  so  that  control  of  the 
furnace  voltage  within  wide  limits  is  effected  by  merely  pressing 
buttons  on  the  switchboard,  and  changes  through  the  extreme 
range  involve  only  two  very  simple  switch  changes. 

The  capacity  of  the  equipment  is  a  maximum  when  the 
regulators  are  boosting  the  maximum.  At  such  a  time  the  rated 
capacity  is  435  kva.  At  the  lowest  voltage  the  capacity  is  126  kva. 
The  apparatus  is  therefore  capable  of  delivering  as  much  power 
as  is  used  by  small  commercial  furnaces.  This  capacity,  the  wide 
voltage  range  and  the  simplicity  of  control,  make  the  equipment 
a  remarkable  group  of  apparatus. 


CARBON   BLACK   FROM   NATURAL  GAS. 
By  G.  St.  J.  Perrott  and  R.  O.  Neal. 

An  investigation  of  the  carbon  black  industry  has  been  under- 
taken by  the  United  States  Bureau  of  Mines  as  a  result  of  eco- 
nomic issues  brought  up  during  the  war.  Considerable  field  work 
has  l^een  done.  Plants  in  Louisiana,  Oklahoma,  and  West  Vir- 
ginia have  been  studied  by  Bureau  engineers.  The  uses  of  carbon 
black  have  been  carefully  investigated  with  the  idea  of  de- 
termining the  properties  of  the  ])roduct  wdiich  users  of  carbon 
black  demand,  and  with  an  attempt  at  designating  in  which  of 
these  uses  carbon  black  is  essential  and  in  which  a  substitute  ma- 
terial might  be  employed.  Microscopic  and  chemical  examination 
of  a  large  number  of  blacks  is  1>eing  made  and  test  methods  studied 
with  a  view  to  finding  the  reason  for  the  very  dilTerent  behavior 
exhibited  by  different  blacks. 

In  the  present  process  of  manufacture,  carlx)n  b'ack  is  pro- 
duced by  burning  natural  gas  with  an  insufficient  supply  of  air 
for  complete  combustion  and  collecting  the  liberated  carbon  on  a 
metal  surface.  Manufacturers  of  carlx)n  black  believe  that  this 
process  is  the  only  one  in  practical  operation  which  produces  a 
carlxDH  black  suitable  for  the  ink  trade  and  rubber  industrv.    Over 
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10.000.000   pounds    annually   are   used    in    ink    manufacturing; 
jo.ooo.ooo  pounds  annually  are  used  in  making  automobile  tires. 

A  Bureau  of  Mines  bulletin  on  the  Manufacture,  Properties 
and  Uses  of  Carbon  Black  is  in  process  of  preparation. 


MINOR  NOTES. 


Rare  Metals. — The  investigation  of  the  metallurgy  of  Wulf- 
enite.  made  at  the  Golden  Station  of  the  Bureau,  has  been  com- 
pleted and  a  report  upon  it  will  shortly  be  issued.  The  work  upon 
the  production  of  zirconium  from  its  ores  is  almost  completed.  A 
bibliography  of  vanadium  is  also  in  course  of  preparation. 

Fire  Extinguisher  Liquids. — An  investigation  of  the  various 
types  of  commercial  carten  tetrachloride  fire  extinguisher  liquids, 
made  at  the  Pittsburgh  station  of  the  Bureau,  has  demonstrated 
that  when  these  liquids  strike  burning  wood  or  red-hot  iron  the 
carbon  tetrachloride  is  partly  decomposed  and  small  amounts  of 
toxic  gases  are  formed,  so  that  such  extinguishers  must  be  used 
with  caution  in  confined  spaces. 

Army  Gas  Masks  in  Fires. — Tests  of  the  army  type  gas  mask 
for  use  in  the  irritating  and  choking  smokes  produced  in  fires 
show  that  it  offers  complete  protection  against  these,  but  allows 
carbon  monoxide  to  pass  through.  The  cooperation  of  the  fire 
chiefs  of  the  principal  cities  was  secured  in  making  the  investiga- 
tion. A  report  of  this  investigation  will  shortly  be  published. 
These  masks  have  also  been  tested  in  railway  tunnels,  and  the  re- 
sults show  that  they  should  be  of  considerable  use  to  engine  men 
when  passing  through  tunnels. 

Carbon  Determination. — A  lalx^ratory  method  for  the  de- 
termination of  graphitic  carbon  in  the  presence  of  amorphous  car- 
bon has  been  standardized  at  the  Pittsburgh  station  of  the  Bureau, 
and  is  now  being  checked  on  a  large  number  of  natural  graphites 
and  amorphous  carbon  in  the  form  of  coal.  The  method  gives 
promise  of  being  suitable  for  the  direct  quantitative  determination 
of  graphitic  carbon,  which  up  to  the  present  time  has  always  been 
an  uncertain  indirect  determination.  A  laboratory  method  for  the 
determination  of  the  various  forms  of  sulphur  in  coal  has  been 
tried  on  a  number  of  typical  samples  of  Eastern  coal  with  very 
satisfactory  results. 

Corrosion  of  RiHe  Barrels. — An  investigation  of  the  after- 
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corrosion  of  ritie  barrels  is  in  progress  at  the  Pittsburgh  station,  in 
cooperation  with  the  Ordnance  Bureau  of  the  War  Department. 
The  investigation  is  not  yet  completed,  but  the  indications  from  the 
work  already  done  are  that  corrosion  is  due  to  solid  products  of 
combustion  that  can  only  be  removed  by  alkali  or  organic  solvents. 

Steam  Boiler  Tests. — The  boiler  tests  which  have  been  made 
by  the  Bureau's  engineers  for  the  Emergency  Fleet  Corporation 
at  Erie,  Pa.,  with  such  excellent  results  to  date,  are  to  be  con- 
tinued. A  series  of  tests  has  been  started  in  which  oil  is  used  as 
the  fuel,  and  when  the  series  is  completed,  a  powdered  coal  test 
will  be  made  in  cooperation  with  the  Erie  City  Iron  Works.  A 
series  of  tests  on  the  use  of  coke  for  house  heating  purposes  is 
now  in  progress,  comparative  tests  being  made  with  anthracite. 
An  investigation  has  been  started  to  determine  the  cause  of  the 
incrustation  of  boiler  tubes  when  using  underfeed  stokers. 

Phosphorous  in  Iron  Ores. — An  investigation  has  been  started 
by  the  Minneapolis  station  to  determine  whether  it  is  feasible  to 
leachout  the  phosphorous  from  medium  and  high  phosphorous  iron 
ores.  In  connection  with  this  an  attempt  will  be  made  to  develop 
a  standard  method  for  the  determination  of  phosphorus  in  iron 
ores  that  will  be  satisfactory  to  both  buyers  and  sellers. 

Mining  Conditions  Abroad. — George  S.  Rice,  Chief  Mining 
Engineer  of  the  Bureau,  has  returned  from  an  extended  investiga- 
tion of  mining  conditions  in  the  Saar  and  Rhine  Valley  districts, 
France,  Belgium  and  Great  Britain,  and  reports  tliat  the  shortage 
of  fuel  that  prevailed  during  the  war  still  continues  and  there  is 
probability  of  a  still  more  serious  deficiency  unless  the  United 
States  increases  its  exports.  This  is  due  more  to  the  general 
unrest  of  labor  and  the  increase  in  the  cost  of  production  (which 
are  75  to  150  per  cent,  above  those  prevailing  in  1913)  than  to  the 
physical  destruction  of  coal  mines  and  their  equipment.  In 
Great  Britain  the  working  hours  underground  have  been  reduced 
from  8  hours  to  7,  effective  July  16,  and  Sir  Auckland  Geddes  has 
made  the  statement  that  this  will  result  in  a  production  for  ig20 
of  70,000,000  tons  less  than  in  igi^,  and  an  increase  in  price  to 
the  consumer.  Meanwhile  notice  has  been  given  in  the  House  of 
Commons  that  the  price  is  to  be  raised  $1.50  per  ton  on  July  16. 
This  curtailing  in  output  and  increase  in  price  in  iuigland,  coupled 
with  a  shortage  of  coal  in  western  and  central  i*Airoj)e,  where  the 
various  countries  need  50,000,000  tons  per  year  over  their  normal 
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pre-war  sources  of  supply,  from  countries  other  than  Great 
Britain.  France  alone  needs  20,000,000  tons  per  year.  The  best 
estimates  are  that  Great  Britain  will  be  able  to  export  somewhere 
between  7,000,000  and  25,000,000  tons  in  191 9  to  all  foreign 
countries.  There  will  therefore  be  a  deficit  of  somewhere  around 
40.000,000  tons  of  fuel,  for  which  the  United  States  is  the  only 
visible  source  of  supply. 

The  mines  destroyed  by  the  Germans  in  the  Nord-Pas  de 
Calais  coal  fields  produced  20,000,000  tons  of  coal  per  year.  It 
will  take  two  to  five  years  to  get  these  mines  in  working  condition 
and  ten  years  to  completely  restore  the  production  rate.  The 
taking  over  by  France  of  Alsace  and  Lorraine  and  its  occupation 
of  the  Saar  Valley  will  yield  a  certain  amount  of  coal  to  make  up 
this  deficiency,  but  as  a  large  part  of  the  output  of  these  districts 
is  used  locally  the  amount  that  can  be  counted  on  from  these 
sources  is  uncertain  as  yet,  though,  it  is  reasonably  certain  that  it 
will  nowhere  near  make  up  for  the  shortage  in  the  Nord-Pas  de- 
Calais  district.  The  mines  in  Belgium  were  not  injured,  but  there 
is  a  shortage  of  skilled  miners,  and  general  labor  conditions  are 
such  that  there  is  likely  to  be  a  deficiency  of  40  per  cent,  of  the 
output  as  compared  with  pre-war  figures.  Half  of  Spain's  coal  is. 
normally  imported  from  England,  eight-tenths  of  Holland's  coali 
is  imported  largely  from  Germany,  Norway,  Sweden  and  Den- 
mark have  all  heavily  drawn  on  Great  Britain  for  coal.  Germany's 
principal  coal-producing  district  is  Westphalia.  The  only  handi- 
cap under  which  this  district  labors  is  the  general  unrest  and  the 
weakened  condition  of  the  working  population  through  insuffi- 
cient food.  The  Ruhr  field  will  probably  be  called  on  to  deliver 
a  good  deal  of  bituminous  coal  and  coke  to  France  in  exchange 
for  the  iron  ore  needed  to  keep  the  Ruhr  blast  furnaces  operating. 
The  outlook  for  a  demand  for  coal  for  export  from  the  United 
States  is  correspondingly  bright. 
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Surplus  Electric  Power  After  the  War.  J.  W.  Beckman. 
(American  Electro-Chemical  Society,  Transactions,  34th  General 
Meeting,  1918.) — It  may  be  the  case  that  we  will  have  a  surplus 
of  developed  electric  power  after  the  world  has  settled  down  to  a 
normal  stride,  this  power  having  been  developed  in  this  emer- 
gency for  the  supplying  of  munitions  to  us  and  our  allies.  It  is, 
therefore,  important  to  face  this  fact  now  and  consider  how  it 
may  be  avoided  or  overcome. 

It  would  be  an  economic  waste  of  the  very  gravest  magnitude 
if  this  energy  available  on  the  bus-bars  should  be  permitted  to  be 
idle,  a  waste  from  two  points  of  view:  (i)  from  the  point  of  in- 
vested capital  in  the  plant  and  equipment,  and  (2)  perhaps  a  still 
graver  waste,  from  the  point  of  merchandise  that  could  be  produced, 
thus  creating  values  and  giving  occupation  to  labor  skilled  and  other- 
wise helping  to  supply  work  to  the  millions  of  men  who  will  return 
to  us  after  the  war  is  won. 

It  is  very  apparent  that  many  of  the  industries  which  are  now 
operating  in  connection  with  the  war  will  have  to  let  up  some, 
and  equally  certain  it  is  that  the  power  which  they  thus  release 
will  not  be  absorbed  readily  by  any  other  industry.  This  cer- 
tainly will  be  the  case  if  we  do  not  as  a  nation  and  as  individual 
groups  cooperate  to  extend  our  foreign  markets,  i.e.,  to  tap  new 
market  possibilities. 

Two  industries,  both  of  them  basic  and  both  of  them  making 
products  essential  to  mankind,  suggest  themselves  as  being  suit- 
able life-savers  to  the  electric  developments  after  the  war.  One 
is  the  iron  and  steel  industry  and  the  second  is  the  fertilizer 
industry.  When  I  refer  to  the  iron  and  steel  industry,  I  do  not 
refer  either  to  the  electric  shaft  furnaces  in  Sweden  nor  to  the 
electric  steel  furnaces  distributed  all  through  the  country. 

I  think  the  direct  manufacture  of  steel  from  iron  ore  is  not 
out  of  the  realm  of  the  possible,  and  is  one  of  the  important 
electro-metallurgical  developments  awaiting  a  successful  solution. 

We  have  already  progressed  some  toward  this  goal.  In  the 
electric  shaft  furnace  low-carbon  pig  iron  is  now  produced,  known 
as  steel  pig  iron  or  pig  steel.  The  next  stej)  will  be  the  finished 
steel,  suitable  for  the  manufacture  of  the  finished  steel  product 
in  the  shape  of  ingots  and  castings.  It  may  be  a  long  step  metal- 
lurgically  to  take,  but  it  is  one  that  we  should  bend  all  vwv  elTorts 
ii])()n  to  achieve.  If  we  once  accomplish  it,  we  will  find  the  iron 
industry  gradually  changing  into  an  electrometallurgical  one, 
-consuming  enormous  amounts  of  power  and  stimulating  inci- 
-dentally  other  industries  to  activities  of  very  great  proportions. 

The  other  industry  which  would  help  to  consume  power  is  the 
fertilizer  industry.  The  ingredients  necessary  in  a  fertilizer 
which  would  be  most  available  for  improved  manufacture  would 
he  nitrogen  in  some  bound  form,  and  phosphoric  acid. 
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Mr.  R.  B.  Owens,  Washington,  D.  C,  July  2,  1919. 

Secretary,  Franklin  Institute, 
Philadelphia,  Pa. 
My  Dear  Sir: 

During  my  absence  in  Europe,  there  was  received  at  my  office  the  certifi- 
cate of  my  election  to  Honorary  Membership  in  The  Franklin  Institute,  dated 
April  16,  1919.  It  has  recently  come  to  my  attention  tliat  this  certificate  was 
not  acknowledged,  and  I  feel  much  mortification  at  the  apparent  neglect. 

I  beg  to  assure  you  and  the  members  of  the  Institute  of  my  deep  appre- 
ciation of  the  honor  conferred  upon  me. 

Very  sincerely, 

(Signed)   D.  W.  Tavu)k, 
Rear  Admiral, 
Chief  Constructor  of  the  Navy. 


John  J.  Carty, 
195  Broadway, 
New  York. 
Doctor  h'.  B.  Owens,  Secretary,  July  15,  I9i9- 

The  I-ranklin  Institute,    Philadelphia,  Pa. 
Dear  Doctor  Owens: 

I  have  just  been  discharged  from  the  Army  and  am  at  work  on  affairs 
which  have  accumulated  and  which  require  my  attention. 
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.  I  have  had  a  most  gratifying  surprise  in  receiving  the  diploma  showing 
that  I  have  been  elected  to  be  an  Honorary  Member  of  The  Franklin  Institute. 
This  coming  upon  the  other  honors  and  courtesies  which  I  have  received  at 
the  hands  of  your  society  places  me  under  so  many  obligations  that  I  can 
never  sufficiently  express  my  feelings  of  high  appreciation  of  The  Franklin 
Institute  and  of  its  distinguished  officers  and  members. 

I  assure  you  that  I  shall  endeavor  always  to  show  that  I  am  sensible  of  this 
great  honor  which  has  been  conferred  upon  me. 

Very  sincerely  yours, 
JJC-AM  (Signed)  John  J.  Carty. 


BOOK  NOTICE. 

The  Realities  of  Modern  Science.     An  Introduction  for  the  General  Reader. 

By  John  Mills,  Research  Laboratories,  Western  Electric  Co.,  Inc.     321 

pages,  contents,  index,  44  illustrations,  i2mo.    New  York,  The  Macmillan 

Company,  1919.    Price,  $2.50  net. 

Several  useful  books  for  popularizing  science  have  appeared  of  late  years 
from  American  authors.  Some  of  these  have  been  condensed  histories,  others 
accounts  of  scientific  procedures,  principally  chemical,  expressed  in  non- 
technical language.  They  have  been  of  much  service  in  bringing  to  notice 
the  value  and  the  methods  of  modern  science.  The  present  work  is  more 
strictly  scientific,  but  is  well  adapted  to  those  who  want  information  on  some 
of  the  data  of  physics  and  chemistry,  especially  the  border-land  of  these  two 
sciences,  physical  chemistry,  which  has  progressed  at  such  a  rapid  rate  in  the 
last  quarter-century. 

The  work  begins  with  an  exposition  of  the  author's  views  as  to  the  methods 
of  the  beginnings  of  knowledge,  which,  as  might  be  expected,  is  the  least 
satisfactory  part  of  the  book,  as  the  information  at  hand  on  this  point  is  very 
scantj',  and  in  a  book  which  deals  so  largely  with  exact  scientific  data,  this 
presentation  of  the  speculations — telescopic  deductions  from  microscopic 
premises,  as  they  have  been  termed — is  a  discord  in  the  music.  The  author 
states  among  other  things  that  monkeys  probably  use  tools  only  in  imitation 
of  human  beings,  and  that  having  no  thumbs  they  cannot  pick  up  articles.  It 
is,  however,  stated  on  good  authority  that  even  in  the  wild  state  they  throw 
sticks  and  stones  at  intruders,  and  they  certainly  have  the  ability  to  pick  up 
even  small  objects.  These  questions  are,  however,  of  minor  importance  and 
do  not  in  any  way  affect  the  merit  of  the  work,  which  gives  valuable  informa- 
tion on  some  of  the  latest  and  most  important  phases  of  physical  chemistry. 
Large  space  is  devoted  to  the  subjects  of  electrons,  electroljrtic  dissociation 
and  the  various  problems  of  molecular  physics.  The  book  will  be  a  valuable 
contribution  to  the  literature  of  the  subject. 

Henry  Leffmann. 
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September  to  December,  1918,  by  J.  W.  Thompson.  166  pages,  8vo.  Monthly 
Statement  of  Coal-mine  Fatalities  in  the  United  States,  March  and  April,  1919, 
compiled  by  Albert  H.  Fay,  2  pamphlets,  8vo.  Technical  paper  222,  Method 
of  Administering  Leases  on  Iron-ore  Deposits  Belonging  to  the  State  of 
Minnesota,  by  J.  R.  Finlay.  40  pages,  illustrations,  8vo.  Technical  paper  223, 
Cost  Keeping  for  Small  Metal  Mines,  by  J.  C.  Pickering.  46  pages,  diagrams. 
8vo.  Technical  paper  224,  Metal  Mine  Accidents  in  the  United  States  During 
the  Calendar  Year  1917,  compiled  by  Albert  H.  Fay.  80  pages,  8vo.  Wash- 
ington, Government  Printing  Office,  1918-1919. 


The  Production  of  Liberty  Motor  Parts  at  the  Ford  Plant. 

W.  F.  Vekner.  (The  .ImcriccDi  Society  of  Mechanical  Engineers, 
Spring  Meeting,  June,  1919.) — The  contract  made  with  the  United 
States  Government  called  for  5000  motors  and  these  were  to  be  pro- 
duced at  the  rate  of  50  per  day  of  eight  hours.  To  do  this,  impor- 
tant developments  in  the  methods  of  manufacture  were  brought 
about  by  the  Production  Department  of  the  Ford  Motor  Company. 
One  of  these  was  the  method  of  producing  cylinders  from  tubing. 
Six  o[)erations  were  necessary  and  the  author  describes  them  in 
detail.  The  methods  employed  to  ])roducc  connecting-rod  crank- 
shaft bearings  likewise  resulted  in  a  great  saving  of  time.  Twenty- 
one  ojx'raticjns  were  found  necessary  for  this  work  and  a  complete 
descri])tion  of  each  is  given.  The  method  of  installing  bearings  in 
the  u])pcr  and  lower  halves  of  the  Liberty  motor  crankcase.  is  al.so 
described. 


CURRENT  TOPICS. 


The  Alcohol  Problem, — This  note  is  not  to  discuss  the  ques- 
tion of  the  proportion  of  alcohol  constituting  a  beverage  as  "  in- 
toxicating "  nor  the  sociologic  phases,  but  to  point  out  that  the 
practice  of  civilized  countries  of  imposing  heavy  taxes  on  ethyl 
hydroxide  is  one  of  the  most  serious  interferences  with  indus- 
trial development.  Standing  next  to  water  as  a  general  solvent, 
and  having  solvent  powers  on  a  large  number  of  important  sub- 
stances not  soluble  in  water,  alcohol  now  finds  extended  use  in 
the  arts.  Although  governments  have  endeavored  to  release  in- 
dustrial alcohol  from  the  tax  burden,  yet  the  only  method  so  far 
generally  adopted — that  of  incorporating  with  it  ingredients  that 
render  it  unfit  for  internal  use — is  by  no  means  satisfactory. 
Apart  from  the  uses  of  alcohol  as  a  solvent,  its  adaptability  as  a 
fuel  both  directly  and  in  the  internal  combustion  engine  opens  up 
a  great  opportunity.  It  is  of  lower  energy,  weight  for  weight, 
than  gasoline,  but  the  fire-risk  is  so  much  lower  and  the  odor 
unobjectionable. 

The  United  States  Government  should  institute  a  compre- 
hensive research  with  a  view  of  discovering  cheap  methods  of 
producing  alcohol  and  of  devising  means  by  which  it  can  be 
sold  freely  for  use  in  everything  but  beverages.  The  problems 
are  complicated  but  they  are  not  unsolvable.  One  question 
always  presents  itself  to  the  law-maker,  namely,  the  loss  of 
revenue  that  will  follow  the  removal  of  the  tax.  The  restrictions 
that  are  imposed  on  the  manufacture  and  sale  of  alcohol  are  due 
to  the  wide-spread  opinion  that  taxes  should  be  raised  largely  on 
luxuries,  and  alcohol  has  always  been  regarded  as  of  this  type, 
but  apart  from  the  changed  conditions  that  will  follow  nation- 
wide prohibition,  it  surely  is  possible  that  taxes  can  be  levied 
so  as  to  be  incident  on  the  luxury  and  not  on  useful  applications. 
The  subject  is  too  extensive  to  be  discussed  fully  here,  but  it  is 
well  worth  careful  consideration  by  those  interested  in  the  ad- 
vancement of  the  industries.  H.  L. 

Ash  Removal  by  Suction.  (Scientific  American,  vol.  cxx. 
No.  25,  p.  661,  June  21,  1919.) — What  is  virtually  a  large-sized 
vacuum  cleaner  has  been  delivered  to  a  concern  in  New  York 
City  that  specializes  in  cleaning  ash  bins  of  public  buildings  and 
large  residences,  and  while  the  apparatus  is  experimental  be- 
cause it  is  now  being  tested  out,  the  designers  feel  svire  that  it 
will  prove  to  be  not  only  practical  and  efficient,  but  will  meet 
with  the  approval  of  the  general  public  by  minimizing  the  dis- 
comforts and  dirt  now  met  with  in  ash  removal  by  the  usual 
means  of  dumping  the  filled  galvanized  iron  containers  into  open 
cart  bodies. 
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The  equipment  is  mounted  on  a  five-ton  chassis  and  is  a  large 
box  compartment,  resembHng  the  conventional  van,  the  doors 
and  gates  of  which  can  be  closed  tightly.  On  the  chassis  is 
mounted  a  blower  that  is  driven  by  the  engine,  and  this  is  so 
adapted  that  ashes  are  drawn  into  the  compartment  from  the 
ash  pit,  no  matter  what  the  angle,  through  a  telescoping  metal 
tube.  The  truck  is  driven  to  the  curb  at  the  nearest  point  to  the 
ash  pit,  and  the  tube  is  extended  into  it.  The  ashes  must  be 
shoveled  to  the  lower  end  of  the  tube  and  the  suction  carries 
them  into  the  compartment  on  the  truck. 

The  labor  is  limited  to  shoveling  into  the  ash  pit,  or  at  least 
handling  so  the  ashes  can  be  drawn  out  by  the  blower,  and  there 
is  no  dust  blown  about  outside.  The  time  of  loading  the  truck 
is  much  more  rapid  than  would  be  possible  were  the  work  done 
manually,  and  this  is  of  material  importance  when  the  time  of 
trucks  is  considered  as  representing  a  substantial  value.  The 
prevention  of  dust  will  be  approved  by  all  sanitary  departments 
of  municipalities.  The  work  of  the  apparatus  is  so  satisfactory 
that  adoption  will  soon  be  general,  both  for  municipalities  and 
for  contractors. 

Insect  Helps  Control  Other  Insects.  (U.  S.  Department  of 
Agriculture,  Bulletin  No.  766.) — An  European  parasitic  fly  that  may 
become  of  far-reaching  importance  in  the  control  of  the  gipsy 
moth  and  brown-tail  moth  and  certain  other  serious  pests  of 
similar  character  is  being  multiplied  from  importations  of  this 
new  insect  enemy.  A  report  of  the  work  with  the  parasite — 
known  as  Compsilura  concinnata — has  just  been  made  by  ento- 
mologists of  the  United  States  Department  of  Agriculture. 

This  report  shows  that  this  parasite  has  reduced  the  damage 
done  by  the  gipsy  moth  and  the  brown-tail  moth  in  the  New 
England  States,  where  they  were  so  abundant  and  destructive 
that  they  ate  the  leaves  ofif  enormous  areas  of  forest  and  shade 
trees  every  year.  It  has  been  found  that  Compsilura  also  aids  in 
the  control  of  other  insect  pests. 

The  white-marked  tussock  moth,  a  serious  pest  in  the  New 
England  States  a  few  years  ago,  has  practically  disappeared 
since  Compsilura  has  become  established.  The  cabbage  worm,  still 
a  serious  pest,  has  been  lessened  in  some  sections.  Celery  worms 
are  not  as  common  as  formerly,  and  the  fall  webworm  is  scarcely 
noticed  in  the  Northeastern  States  now. 

The  entomologists  do  not  claim  that  this  parasite  is  the  sole 
cause  of  this  reduction,  but  it  has  proved  an  important  natural 
enemy  to  all  of  them.  It  is  thought  that  Comps-ilura  may  become 
one  of  the  most   important  economic  parasites  in  this  country. 
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A.  S.  BLATTERMAN, 

Captain,  Signal  Corps,  U.  S.  Army. 
INTRODUCTION. 

It  is  a  common  enough  experience  in  radio  stations  to  be  able 
to  hear  signals  on  a  sensitve  receiving  set  when  the  antenna  is 
disconnected  entirely  from  the  apparatus.  In  such  cases  the 
tuning  coils  of  the  receiver  pick  up  energy  directly  and  the  signal 
produced  depends  upon  the  electromotive  force  induced  in  the 
coils  by  the  alternating  magnetic  flux  component  of  the  passing 
wave  which  threads  through  the  windings.  Another  familiar 
example  of  coil  reception  is  afforded  by  the  ordinary  wavemetre. 
Such  small  coils  as  these  are,  of  course,  extremely  poor  receivers ; 
but  the  fact  that  they  do  receive  enough  energy  at  all  over  dis- 
tances of  the  order  of  a  number  of  wave-lengths  at  once  leads  to 
speculation  as  to  the  possibility  of  using  larger  coils  especially 
designed  for  the  efficient  reception  of  signals. 

In  considering  this  problem  the  average  engineer  would  at 
once  conclude  that  the  coils  should  be  given  large  area,  many 
turns  and  low  resistance.  The  questions  that  he  would  probably 
not  be  able  to  answer,  however,  would  be — How  large  shall  the 

*  Communicated  by  Maj.-Gen.  George  Owen  Squier. 
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area  be,  and  how  many  turns.  As  a  matter  of  fact,  his  first  con- 
clusions would  only  be  partly  correct,  for  while  it  is,  of  course, 
desirable  to  keep  the  resistance  down  to  the  lowest  possible  value, 
it  has  been  found  that  the  size  of  the  coil  and  the  number  of 
turns  cannot  be  illimitably  increased  without  seriously  reducing 
the  efficiency.  Actually,  there  exists  for  every  wave-length  a 
certain  set  of  optimum  dimensions  giving  maximum  response  at 
the  detector.  These  facts  have  not  been  generally  recognized 
heretofore,  and  although  closed  coil  or  loop  receivers  have  been 
in  practical  use  for  the  reception  of  signals  over  long  distances 
for  several  years,  they  have  not,  up  to  the  present  time,  been 
built  according  to  completely  rational  designs.  The  proper  size 
of  the  loop,  the  number  of  turns,  the  size  and  kind  of  wire  and 
the  spacing  of  same  has  been  largely  a  matter  of  good  technical 
judgment. 

In  addition  to  the  use  of  the  coil  or  loop  for  ordinary  receiv- 
ing purposes  to  replace  the  antenna,  one  of  its  most  important 
practical  applications  comes  from  its  directional  qualities.  It 
requires  but  little  thought  to  realize  that  a  coil  placed  with  its 
winding  plane  perpendicular  to  the  direction  of  travel  of  passing 
electromagnetic  waves  will  have  induced  in  it  no  voltage  at  all, 
while  if  it  is  turned  around  through  90  degrees  so  as  to  be  in  line 
with  the  wave  propagation  it  will  be  threaded  by  maximum  flux 
and  develop  its  maximum  e.tn.f.  This  at  once  presents  the  pos- 
siljility  of  locating  the  direction  of  any  transmitting  station  that 
may  be  heard,  and  it  has  been  found  possible  by  correct  design 
to  build  apparatus  capable  of  locating  such  directions  with  an 
error  not  exceeding  plus  or  minus  ^  degree.  Actually,  a  great 
many  factors  afifect  the  accuracy  of  the  device  as  a  direction 
finder  and  the  best  results  can  only  be  obtained  by  properly  taking 
all  of  them  into  account.  Theoretical  analysis  of  the  effects  in- 
volved has  led  to  the  development  of  methods  for  greatly  improv- 
ing the  accuracy  of  the  loop  for  direction  finding  and  also  to  the 
important  invention  of  a  method  for  determining,  by  means  of 
a  single  isolated  loop  structure,  not  only  the  line  of  a  distant 
transmitting  station  but  also  its  sense  or  absolute  direction. 

It  is  the  purpose  of  the  present  paper  to  summarize  an  inves- 
tigation that  has  been  carried  out  in  the  U.  S.  Signal  Corps  Radio 
Laboratories  during  the  latter  part  of  1917  and  \q\?>  of  all  of 
these  factors  that  enter  into  the  efficient  design  of  direction  find- 
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ing  apparatus  using  the  loop  antenna.  No  loop  receiver  can  ever 
be  made  to  be  as  efficient  a  collector  of  radio  energy  as  a  well- 
designed  elevated  antenna  system  and  recourse  is  usually  had, 
therefore,  to  the  use  of  very  sensitive  detecting  apparatus  involv- 
ing vacuum  tube  detectors  and  vacuum  tube  amplifiers  in  order 
to  get  the  desired  strength  of  signal.  There  are  other  reasons, 
also,  of  a  more  involved  nature  which  make  it  necessary  to  employ 
specially  designed  amplifying  apparatus  in  connection  with  the 
loop  direction  finder,  so  that  while  the  main  points  to  be  dis- 
cussed in  this  paper  are  those  dealing  with  the  efficiency  of  the 
loop  as  a  receiver,  its  proper  design,  and  with  its  directional 
properties,  a  few  paragraphs  are  also  devoted  to  investigations 
that  have  been  made  on  the  subject  of  amplification  for  this  par- 
ticular class  of  work.  The  experimental  data  presented  with 
reference  to  the  design  of  the  loop  for  high  efficiency  is  reasonably 
complete  and  would  appear  to  be  sufficient  to  allow  fairly  exact 
mathematical  formulation.  This  phase  of  the  problem  has  not 
been  developed,  however,  in  the  present  report. 


Part  I. 

DESIGN  OF  THE  LOOP  RECEIVER. 
GENERAL  THEORY. 


There  are  several  ways  in  which  the  loop  receiver  may  be 
connected  to  the  detecting  apparatus,  but  the  one  most  com- 
monly used  and  the  one  that  is  considered  in  this  paper  is  that 


Fig.  I. 


LOOP 

ANTENNA 

TO  DETECTOR 

shown  in  Fig.  i,  where  it  will  be  seen  that  a  variable  air  con- 
denser is  connected  directly  across  the  loop  terminals  for  tuning 
and  the  voltage  developed  across  this  condenser  is  impressed  upon 
the  detector. 
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The  engineering  problem  presented  is  that  of  proportioning 
the  loop  so  that  this  voltage  will  be  as  high  as  possible.  The 
points  involved,  as  will  appear  shortly,  are : 

1.  Determination  of  best  size  of  loop  and  number  of  turns 
for  given  wave-length, 

2.  Effect  of  spacing  the  turns  of  the  winding, 

3.  Effect  of  size  and  kind  of  wire, 

4.  Effect  of  insulation  and  coloring  matter  in  same, 

5.  Proper  size  of  tuning  condenser, 

6.  Effect  of  proximity  of  loop  to  walls  of  rooms, 

7.  Eft"ect  of  the  presence  of  dead  or  unused  turns  on  coil; 
and  in  order  to  come  to  practical  conclusions  of  value  to  the 
engineer  in  building  such  coils  it  was  necessary  to  study  several 
other  points,  such  as  the  effects  of  obtaining  a  given  flux  linkage 
or  a  given  inductance  through  the  use  of  large  area  and  few 
turns  or  with  smaller  area  and  a  large  number  of  turns.  Thus,  in 
the  following  pages,  sections  are  also  devoted  to  the  cases  of  : 

1.  Constant  flux  linkages  with  variable  turns  and  area. 

2.  Constant  inductance  with  variable  turns  and  area. 

This  part  of  the  investigation  is  then  completed  by  working  out 
from  the  data  accumulated  a  design  chart  which  enables  all  of 
the  principal   dimensions  of  a  loop  to  be   quickly   determined 
when  the  working  wave-length  is  given. 
Let 

h  =  Instantaneous  value  of  field  intensity  at  the  loop. 
ri„  =Max.  instantaneous  value  of  It. 
X=  Wave-length. 
A'' =  Number  of  turns  on  loop. 
A  =Area  of  a  turn. 
Z,  =  True  self-inductance  of  loop. 
7?=  Total  effective  resistance  of  loop. 
C  =  Capacity  of  tuning  condenser. 

The  instantaneous  value  of  c.m.f.  induced  in  the  loop  is 

e    —    N  do    .    10-^ 
dT 

=   NA  d_h   .    10-'' (l)» 

dl 

If  the  field  varies  harmonically. 

/;    =   //,,  sin  CO  / (2) 

'  If  the  loop  is   of  the  flat  pancake  type  the  value  of  NA  to  use  is  the 
summation  of  the  individual  areas  of  all  the  turns,  i.e.,  2',   V, 
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and  (i)  becomes 

e   =  NAH,,  w  cos  w  /  X  10-* 

Therefore,  the  instantaneous  current  in  the  loop  and  through  the 
tuning  capacity,  C,  is,  at  resonance, 

i   =  E   =  NAH,.  Lj  cos  CO  /  X  lo-' 
R  R 

and  the  effective  vakie  of  this  current  is 
I,jf  =  NAIL,  CO  X  10-8 
R  y/V 

The  voltage  across  the  tuning  condenser  due  to  this  current 
is,  as  has  been  stated  above,  used  to  actuate  the  detector  and  its 
value  will  be  a  measure  of  receiving  efficiency.  This  voltage  is 
( approximately  )- 

E.C  =  i'.d'i'^  C 

=  NAHo  X  10-8 
y/2~RC 

=  4  TT  -' FW.  .  NAL  X  10-8 
\/2~  X  ^i? 

(3) 


'  m) 


From  this  it  appears  that  we  have  in,  general  to  deal  with  the 
problem  of  making  the  factor  NAL/kz,-  as  large  as  possible. 
This  factor  has  been  termed  the  "  reception  factor  "  in  what 
follows. 

At  first  sight,  it  would  seem  that  a  given  loop  would  become 
increasingly  more  effective  as  the  wave-length  was  shortened. 
In  practice,  however,  such  is  not  the  case  and  audibility  measure- 
ments have  indicated  that  there  is  a  certain  best  wave-length  for 
a  given  loop  above  and  below  which  the  reception  falls  off. 

The  reason  for  this  can  be  directly  traced  to  the  fact  that  the 
loop  resistance  is  not  constant  but  changes  with  the  wave-length. 
At  very  long  wave-lengths  the  resistance  approaches  its  d.c.  value. 
As  the  wave-length  is  shortened,  however,  the  resistance  increases, 
slowly  at  first,  up  to  a  point  2  or  3  times  the  natural  period  of 
the  coil  when  it  rises  almost  asymtotically  (see  Fig.  2),  and  it  is 
this  inverse  variation  of  effective  resistance  with  wave-length 

'This  expression  is  not  exact  because  part  of  the  capacity  is  that  of  the 
loop  itself  which  is  distributed  and  does  not  all  carry  the  total  current  I. 
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that  produces  the  maximum  value  in  the  reception  at  a  particular 
wave-length  already  mentioned.  The  reception  factor  curve 
drawn  as  function  of  wave-length  has  the  form  shown  in  Fig.  3. 
The  variation  of  resistance  just  described  is  due  to  a  combina- 
tion of  several  effects,  being  chiefly  caused  by  the  capacity  between 

Fig.  2. 


RES 


D  C   f?ES 


WAVE    LENGTH 


turns  of  the  winding,  but  involving  also  the  effects  due  to  eddy 
current  loss,  skin  effect,  electromagnetic  radiation,  and  losses  in 
nearby  imperfect  dielectrics.  It  is  very  greatly  affected  by  the 
number  of  turns,  the  size  of  the  loop,  and  the  spacing  of  the  wires. 
It  is  also  influenced,  though  to  a  lesser  extent,  by  the  actual  d.c. 


Fig.  3- 


REC    FACTOR 


W/W/E    LENGTH 


value  of  resistance,  the  diameter  and  shape  of  the  wire  and 
whether  stranded  or  solid. 

It  is  to  be  noted  that  the  apparent  inductance  of  the  loop  varies 
with  the  wave-length  (Fig.  4)  in  a  manner  similar  to  the  resist- 
ance but  less  abruptly.  The  increase  in  apparent  inductance  at 
short  wave-lengths  is  due  to  the  effective  shunted  capacity  of  the 
loop.  The  slight  rise  at  long  wave-lengths  is  due  to  the  disap- 
pearance of  skin  effect. 

For  a  given  wave-length  the  ccjuation  (3)  would  indicate  the 
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use  of  many  turns,  large  self-induction  and  a  large  loop.  These 
factors  cannot  be  changed,  however,  without  at  the  same  time 
raising  the  natural  wave-length  of  the  loop  and  its  effective  re- 
sistance; and  there  actually  comes  a  time  when  increasing  the 
size  of  the  loop  and  the  number  of  turns  is  detrimental.  There  is, 
in  fact,  a  certain  best  value  of  turns,  area,  spacing,  etc.,  for  any 
given  wave-length.  For  short  wave-lengths  only  a  few  turns 
can  be  used  and  the  proper  combination  is  quite  critical,  while 
for  long  waves  where  a  large  number  of  turns  are  employed, 
deviation  from  exactly  best  proportions  is  less  serious. 

No  loop  may  be  efficiently  used  at  wave-lengths  less  than  1.5 
to  2  times  its  fundamental.^ 


Fig.  4. 


WAVE  LENGTH 


METHOD  OF  MEASURING  LOOP  EFFICIENCY. 

The  method  used  in  studying  the  various  factors  that  enter 
into  the  design  of  loops  was  very  simple.  For  each  different  set 
of  conditions  the  effective  resistance  was  measured  at  different 
wave-lengths,  and  from  the  physical  dimensions  of  the  loop  and 
the  data  on  its  resistance  thus  obtained  the  reception  factor 
NALJ'K2r  was  calculated.  This  procedure  was  particularly  well 
adapted  to  manipulation  in  the  laboratory,  and  was  justified  by 
the  results  of  a  number  of  special  tests  made  over  considerable 
distances  in  which  the  audibility  of  received  signals  was  measured 
directly  at  different  wave-lengths.     A  description  of  these  tests 

*  The  above  discussion  neglects  entirely  the  reaction  of  the  induced  loop 
oscillation  on  the  wave.  The  effect  is  very  small,  however,  with  this  type 
of  antenna. 
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is  given  later.     They  check  the  performance  of  the  loop  as  cal- 
culated from  measurements  of  its  resistance.'* 

The  "  Resistance  Variation  Method  "  was  used  in  determin- 
ing loop  resistance  (see  Fig.  5).  The  loop  to  be  measured  was 
inserted  in  a  series  circuit  containing  a  variable  air  condenser 
known  to  be  free  from  losses,  and  a  low  resistance  thermoelement, 
T,  and  galvanometer,  G.  The  galvanometer  chosen  was  one 
which  gave,  accurately,  deflections  proportional  to  the  square  of 
the  current  in  the  thermoelement  throughout  its  entire  range. 
The  thermoelements  used  were  made  up  at  the  National  Bureau 
of  Standards  and  had  resistances  somewhat  less  than  one  ohm. 
The  galvanometer  was  a  single  pivot  Paul  instrument,  giving 
full  scale  deflection  with  about  80  milliamperes.  Various  known 
resistances  could  be  inserted  at  R.     These  resistances  consisted 


-E 


Fig.  5. 
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of  fine  manganin  wires  a  centimeter  or  so  in  length  enclosed  in 
glass  tubing  and  fixed  to  heavy  copper  wire  terminals  which 
dipped  into  small  mercury  cups. 

The  loop  to  be  measured  was  coupled  directly  with  and  care- 
fully turned  to  a  vacuum  tube  generating  circuit,  the  wave-length 
measured,  and  several  resistances  inserted  successively  at  R,  the 
galvanometer  deflection  being  read  for  each  resistance.  The 
resistance  of  the  loop  was  then  calculated  from  the  formula 

*  Attention  should  be  called  to  the  fact  that  the  value  of  resistance  in 
the  expression  for  the  reception  factor  is  the  total  effective  resistance  of  the 
oscillatory  circuit  which  limits  the  flow  of  current  therein,  and  this  comprises 
not  only  the  resistance  of  the  loop  alone,  but  also  the  resistance  of  the  tuning 
condenser  and  an  effective  resistance  introduced  into  the  circuit  by  the 
attached  detector.  If  a  well  designed  air  condenser  is  used  for  tuning. 
the  resistance  of  this  element  can  be  neglected.  The  resistance  introduced  by 
the  attached  detector  when  this  is  a  vacuum  tube  is  also  very  small  and  need 
not  be  considered  in  any  but  exceptional  cases.  It  can  be  calculated  or 
determined  experimentally  by  the  methods  given  in  Appendix  A. 
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111 
R  =  ^= R^ 


Vs. 


Ri  and  /?j  =  different  values  of  inserted  resistance. 
61  and  Si  =  galvanometer  deflections  corresponding  to  Ri  and  R2. 
i?^= resistance  of  thermoelement. 

The  average  of  several  values  determined  in  this  way  for  any 
given  set  of  conditions  gives  all  the  accuracy  desired. 

Precautions  to  be  Ohserz'ed. — In  making  measurements  of 
this  kind  it  is  necessary  to  arrange  the  set-up  in  a  large  room  or 
out-of-doors  and  well  away  from  possible  absorbing  resonators. 


Fig.  6. 


Proximity  of  the  loop  to  the  walls  of  a  room  may  result  in  high 
effective  resistance  due  to  dielectric  losses  in  same.  The  effect 
may  be  considerable,  as  is  shown  by  one  of  the  tests,  when  the 
loop  is  one  of  large  size  and  many  turns  so  that  there  is  con- 
siderable condenser  effect  to  the  walls  of  the  room. 

Very  loose  coupling  should  be  used  between  the  generating 
and  measuring  circuits.  This  point  must  be  carefully  watched, 
for  two  reasons.  First,  when  the  coupling  is  tight  the  voltage 
induced  in  the  loop  will  change  with  different  inserted  resistances.^ 
In  the  second  place,  there  will  be  two  coupling  waves,  either  of 
which  may  be  tuned  to  and  the  results  will  be  inaccurate,  due  to 
the  impurity  of  the  tuning.  Fig.  6  shows  the  nature  of  this 
effect.  The  coupling  should  always  be  made  loose  enough  so  that 
only  one  hump  is  present,  as  in  Fig.  7.     When  the  adjustments 


'  Due  to  reaction  on  the  exciting  circuit. 
Vol.  188,  No.  1125 — 23 
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are  properly  made  an  ammeter  in  the  generating  circuit  will  drop 
only  very  slightly  at  resonance.  When  the  coupling  is  too  tight, 
the  reading  falls  abruptly  when  the  test  circuit  is  brought  in  tune. 
The  coupling  must  not  be  changed  during  one  series  of  observa- 
tions on  a  given  wave-length. 

The  resistance  of  the  thermoelement  should  be  checked  oc- 
casionally to  see  that  it  does  not  change. 

The  leads  of  the  loop  should  be  as  short  as  possible,  espe- 
cially for  the  smaller  loops,  for  in  such  cases  the  capacity  of  the 
leads  may  be  a  large  part  of  the  total  coil  capacity  and  the  resist- 
ance will  be  seriously  afifected.^ 


Fig.  7. 


RESULTS     OF     LOOP     RESISTANCE     MEASUREMENTS. 

The  results  of  the  present  experiments  are  here  recorded 
graphically  and  in  general  in  two  parts. 

°  It  might  be  supposed  that  the  above  method  would  not  give  entirely 
accurate  results,  especially  at  the  shorter  wave-lengths,  due  to  the  fact  that 
in  such  cases  the  current  distribution  varies  through  the  circuit  and  is  greater 
near  the  centre  of  the  loop  than  at  the  ends.  To  test  this  point  a  number 
of  resistance  measurements  were  made  by  another  method  for  verification. 
In  this  method  the  various  known  resistances  were  inserted  in  the  circuit  to 
be  measured  at  its  electrical  centre  and  the  galvanometer  with  its  tliermoele- 
ment  was  connected  to  an  auxiliary  coil  coupled  inductively  with  the  loop. 
With  this  arrangement  the  deflections  of  the  galvanometer  are  practically 
independent  of  the  current  distribution  in  the  loop.  When  all  the  proper 
precautions  had  been  taken  it  was  found  that  the  results  obtained  by  this 
method  checked  those  obtained  by  tlio  method  (!escri!)e(l  in  the  text  prac- 
tically exactly. 
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1.  Tlu'  resistance  of  the  loop  as  function  of  wave-length. 

2.  The  reception  factor  as  function  of  wave-length. 

The  true  inductance  was  estimated   from  the  curve  of  ap- 
parent inductance. 

I. 

The  first  set  of  curves  (Fig.  8)  show  the  reception  factors 

Fig.  8. 
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of  a  miscellaneous  lot  of  loops  taken  at  random  from  loops  that 
had  been  in  use  on  direction  finding  experiments.  It  is  inter- 
esting to  compare  these  curves  with  those  of  some  of  the  later 
loops  in  which  the  best  proportions  of  spacing,  diameter,  number 
of  turns,  etc.,  were  realized.  These  early  loops  were  relatively 
inefficient. 

The  following  data  are  descriptive  of  this  lot  of  loops : 


Loop 

L  cms. 

Description 

I 
2 

3 

580,000 

70,000 
230,000 

2  crossed  loops  at  right  angles  6  ft.  sq.    2"  spacing  No.  16 

lampcord. 
4  turns  bronze  antenna  wire  on  50"  sq.,  solenoid  spacing  >2  " 
8  turns  same  as  No.  2. 

4 

94,000 

Inside  6  turns  of  12  turn  pancake  6  ft.  sq.,  spacing  iK" 
stranded  No.  18. 

.5 

155,000 

Outside  6  of  same. 

6 

340,000 

All  12  turns  of  same. 

7 
8 

800,000 
2,100,000 

15  turn  pancake  7o"X7o"  outside  spaced  -j*^"  No.  20  wire. 
24  turn  42"  sq.   solenoid  closely  wound  litz.   32   No.   38 
enameled  wires. 
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CONSTANT  FLUX  LINKAGES. 


As  has  been  shown,  the  c.ni.f.  induced  in  a  loop  depends, 
among  other  things,  upon  the  total  flux  linkages ;  that  is,  upon  the 
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value  of  the  product  NA.  Now  it  is  not  immaterial  how  a  given 
value  of  this  product  be  obtained.  Either  a  large  loop  of  few 
turns  or  a  smaller  loop  of  more  turns  may  be  used,  but  the  char- 
acteristics of  the  two  loops  are  widely  different. 

This  is  well  shown  by  the  curves  of  Figs.  9  and  10,  which 
give  the  resistance  and  reception  factor  for  4  different  loops 
whose  size  and  number  of  turns  were  varied  in  such  a  way  as  to 
keep  the  product  NA  constant. 
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It  will  be  seen  from  Fig.  10  that  for  short  wave-lengths  it 
is  better  to  use  large  loops  of  a  few  turns,  while  for  long  waves 
smaller  loops  having  more  turns  are  preferable.  This  general 
conclusion  is  important  and  should  never  be  lost  sight  of,  although, 
as  will  be  seen  later,  there  finally  comes  a  time  at  very  long  wave- 
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lengths  when  it  is  again  better  to  decrease  the  turns  and  increase 
the  size. 

The  4  loops  just  mentioned  have  the  following  constants: 


Loop 

Turns 

Area,  sq.  ft. 

Spacing 

Type 

L  cms. 

9 
10 
II 
12 

30 
12 

6 
3 

10 

25 

50 

100 

'A" 
H" 

Solenoidal 
Solenoidal 
Solenoidal 
Solenoidal 

1,250,000 
582,000 
280,000 
120,000 

III. 


CONSTANT    INDUCTANCE. 

In  proportioning  a  receiver  for  given  wave-length,  it  is  al- 
ways best  to  use  small  tuning  condensers,  because  this  offers  the 
possibility  of  large  loop  inductance  (turns  and  area).  A  given 
inductance  may  be  obtained  either  by  few  turns  on  a  large  frame 
or  many  turns  on  a  small  frame.  There  is  a  difference,  however, 
as  regards  the  relative  effectiveness  in  the  two  cases. 

Figs.  II  and  12  show  the  results  of  a  comparison  of  several 
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coils  in  which  the  number  of  turns  and  the  area  of  the  loops  were 
varied,  but  in  such  a  way  as  to  maintain  the  inductance  approxi- 
mately constant.  It  will  be  seen  that  in  this  case  the  maximum 
reception  factor  always  occurs  at  approximately  the  same  wave- 
length, regardless  of  whether  the  given  inductance  is  obtained  by 
few  turns  axid  large  area  or  the  reverse.  The  curves  become 
flatter  as  the  number  of  turns  increases,  which  means  that  a  coil 
of  many  turns  responds  efficiently  over  a  wider  range  of  w^ave- 
lengths  than  does  one  of  a  few  turns. 

This  last  statement  has  direct  application  to  small  tuning 
coils  as  well;  for  example,  the  secondary  of  the  ordinary  loose- 
coupler.  The  general  theory  outlined  above  holds  exactly  for 
this  case,  and  the  same  type  of  characteristics  may  be  obtained 
for  such  coils. 

\\'hile  the  data  of  this  test  does  not  cover  very  large  loops 
of  only  one  or  two  turns  and  so  cannot  be  interpreted  for  such 
extreme  cases,  it  does  show  that  within  the  range  used  it  is  better 
for  given  inductance  to  use  large  loops  with  few  turns.  It  would 
appear  that  for  given  inductance  a  single  turn  very  large  loop 
would  be  best,  as  the  total  flux  (N'A)  would  then  be  maximum. 

IV. 

DETERMINATION   OF   BEST   SPACING. 

The  spacing  of  the  turns  is  a  most  important  factor.  Except 
at  very  long  wave-lengths  a  closely  wound  coil  has  much  higher 
resistance  than  one  on  w^hich  the  turns  are  spaced.  It  is,  therefore, 
better  to  space  the  winding  unless  the  coil  is  to  be  used  for  ex- 
tremely long  w-ave-lengths.  It  is  actually  better  in  this  case  not 
to  separate  the  wires  very  much  because  of  the  sacrifice  in 
inductance. 

For  a  given  size  of  loop  and  given  number  of  turns,  i.e.,  con- 
stant flux  linkages,  we  have  two  opposing  effects  resulting  from 
an  increase  in  spacing,  the  decrease  in  self -inductance  vs.  the 
decrease  in  resistance.  At  first,  the  resistance  decreases  more 
rapidly  than  the  inductance,  so  that  increasing  the  spacing  is  for 
a  time  advantageous.  A  point  is  soon  reached,  however,  where 
further  increase  in  spacing  afifects  the  resistance  very  little,  and 
this  point  should  not  be  exceeded;  for  the  inductance  still  falls 
ofT  and  the  reception  factor  is  therefore  lowered. 
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If  the  inductance  is  kept  constant  by  adding  turns  as  the 
spacing  increases,  the  best  value  of  spacing  is,  of  course,  not  so 
sharply  defined,  but  still  exists  and  corresponds  to  the  point  where 
the  resistance  ceases  to  be  appreciably  affected.  It  coincides  very 
closely  with  the  best  value  as  determined  for  constant  turns. 

The  nature  of  the  several  effects  just  mentioned  is  shown  in 
Figs.  13,  14,  15,  16,  17,  18,  19,  20.  Figs.  13,  15,  17,  19  show 
the  resistance  as  function  of  wave-length  for  various  sizes  of  coils 
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(3,  6,  10,  15  ft.)  wound  with  10  turns  of  No.  18  wire  and  spacing 
systematically  varied.  Figs.  14,  16,  18,  20  show  the  correspond- 
ing reception  factor  curves.  A  best  value  of  spacing  is  clearly 
evidenced  in  each  case.  Figs.  13- A  and  15- A  are  given  to  show 
the  effect  of  spacing  on  inductance  and  should  be  studied  in  con- 
junction with  the  resistance  curves  for  the  same  loops  (Figs. 
13  and  15). 

It  will  be  noticed  that  in  gen(>ral  the  closer  the  spacing  the 
greater  is  the  useful  range  of  wave-lengths  of  the  loop.  Wide 
spacings  make  the  recei)tion  factor  curve  peaked.    It  is,  therefore, 
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Fig.  13A. 
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necessary  to  choose  the  best  spacing  not  simply  as  that  which 
gives  the  highest  maximum  in  the  reception  factor  curve  but  the 
sharpness  of  this  curve  should  also  be  considered.  The  effective- 
ness of  the  loop  ought  not  to  fall  away  too  quickly  as  the  wave- 
length changes  from  the  best  value. 

The  curves  show  that  the  natural  period  of  the  coil  and  corre- 
spondingly the  best  wave-length  is  lowered  by  increased  spacing. 
This  effect  is  most  pronounced  for  changes  in  the  spacing  when 
the  latter  is  small. 

The  best  spacing  has  been  determined  for  four  different  sizes 
of  loop,  vie,  3  ft.,  6  ft.,  lo  ft,  15  ft.  (Figs.  14,  16,  18,  20),  and 
there  appears  to  be  a  direct  proportionality  between  size  of  loop 
and  best  spacing.  Thus,  when  the  best  spacing  is  plotted  against 
size  of  loop  the  straight  line  relation  of  Fig.  21  is  obtained.  It 
would  seem  that  the  capacity  between  turns  is  a  most  important 
factor,  since  this  also  increases  directly  with  the  linear  dimensions 
of  the  loop.  The  data  of  Fig.  21  are  very  useful  in  design- 
ing loops. 

V. 

EFFECT   OF   SIZE   AND    KIND   OF    WIRE. 

For  the  wires  ordinarily  used,  that  is,  from  say  No.  22  to  No. 
14  B.  &  S.  gauge,  the  size  of  the  wire  has  little  influence  on  the 
best  spacing  as  determined  above.  In  general,  large  wires  should 
be  spaced  farther  apart  than  small  ones,  but  this  effect  is  only 
pronounced  when  the  spacing  is  so  small  as  to  be  comparable  with 
the  diameter  of  the  wire  itself.  For  given  spacing  under  these 
conditions  it  may  actually  be  better  to  use  smaller  wire  so  as  to 
make  the  ratio  of  wire  diameter  to  spacing  less.  This  is  particu- 
larly true  for  short  or  moderate  wave-lengths.  For  very  long 
waves  the  resistance  approaches  its  d.c.  value  and  the  smaller  wire 
in  that  case  offers  no  advantage. 

l^'ig.  22  gives  the  resistance  curves  for  three  10  turn  coils  wound 
on  a  4  ft.  frame  with  ^"  spacing,  using  three  different  sizes  of 
wire.  No.  22,  No.  18,  No.  12.  It  will  be  noticed  that  at  short 
wave-lengths  the  resistance  depends  very  little  on  the  size  of  the 
wire,  while  for  longer  wave-lengths  the  curves  separate  more  and 
more  and  arc  controlled  by  the  d.c.  resistance  in  each  case.  This 
figure  also  shows  the  rece])tion  factor  curves  for  the  three  coils 
just  mentioned,  and  it  is  seen  that  the  best  wave-length  for  a  gi\en 
■coil  is  independent  of  the  size  of  wire  with  which  it  is  wound. 
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There  is  some  advantage,  of  course,  in  the  matter  of  efficiency 
if  the  size  of  wire  is  greatly  increased.  This  is  not  so  great  as 
might  be  at  first  imagined,  however;  for  in  the  first  place,  the 
effect  of  d.c.  resistance  on  the  total  effective  resistance  in  the 
neighborhood  of  best  working  wave-length  is  of  rather  secondary 
order,  and  in  the  second  place,  the  inductance  of  the  large  wire 
coil  is  less  than  that  of  a  coil  using  fine  wire  so  that  the  reception 


Fig.  22. 
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factor  NAL/k2r   is  prevented    from   increasing  as    rapidly   as 
would  be  indicated  by  variation  in  resistance  alone. 

Litzendraht. — In  order  to  compare  the  relative  efficiency  of 
solid  wire  with  that  of  litzendraht  and  stranded  wire  the  curves 
of  Fig.  23  were  taken.  Two  different  size  coils  were  compared, 
one  of  10  turns  and  one  of  20  turns.  Both  were  on  frames  4  ft. 
square  and  the  spacing  was  yx".  For  the  20  turn  loop  No.  18 
solid  wnre  was  compared  with  litzendraht  having  about  45  per 
cent,  of  the  equivalent  cross-section  and  composed  of  three  bun- 
dles of  sixteen  X^o.  38  enameled  wires  each.    The  separate  strands 
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were  woven  criss-cross,  in  and  out,  in  such  a  way  as  to  form  a 
sort  of  tubular  conductor. 

For  the  lo  turn  loop  the  same  wire  was  compared  with  the 
No.  1 8  solid,  and  in  addition  a  stranded  conductor  having  approxi- 
mately the  same  cross-section  as  the  No.  i8  was  also  used.  This 
latter  consisted  of  three  bundles  of  twenty-seven  No.  38  silk- 
covered  strands  each;  but  instead  of  being  woven  the  separate 
strands  were  simply  cabled  together  in  a  long  spiral. 

The  curves  show  that  the  asymtotic  rise  in  resistance  at  short 
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wave-lengths  is  much  more  abrupt  with  stranded  wire  and  litzen- 
draht  than  with  solid  wire.  At  short  waves  there  is  very  little 
advantage  in  the  use  of  litzendraht  over  solid  wire  for  a  given 
total  cross-section;  and  the  same  is  true  for  very  long  waves, 
because  the  resistance  for  both  wires  is  approaching  the  same  d.c. 
value.  But  for  intermediate  wave-lengths  the  stranded  wire  or 
litzendraht  is  better.  Fig.  24  shows  the  nature  of  the  effect  on  an 
exaggerated  scale. 

If  the  litzendraht  has  less  cross-section  than  the  solid  wire, 
then  the  two  curves  will  cross  (see  Fig.  23)  and  we  then  have 
the  interesting  conclusion  that  for  wave-lengths  abovo  a  certain 
value  the  solid  wire  has  less  resistance  than  the  litzendraht  and 
is  therefore  better,  while  below  this  wave-length  the  litzendraht 
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should  be  used.  Or  it  may  result  that  the  two  curves  practically 
coincide  for  a  portion  of  their  length  and  thus  the  use  of  litzen- 
draht  or  solid  wire  is  immaterial. 

Effect  of  Insulation  Covering. — When  the  wires  are  wound 
tightly  together  there  are  losses  in  the  dielectric  between  turns, 
that  is.  in  the  insulation,  which  raises  the  effective  resistance  of 
the  coil.  When  the  wires  are  spaced  several  diameters,  however, 
it  is  immaterial  whether  they  be  insulated  or  bare.  Thus,  the 
resistance  curve  of  a  10  turn  coil  of  No.  18  bare  wire  spaced  %'' 
on  a  4  ft.  frame  was  compared  with  those  of  similar  coils  of 
No.  18  d.c.c.  white  and  No.  18  d.c.c.  paraffined  blue  wires.  The 
three  curves  coincided  perfectly. 


Fig.  24. 


The  reason  for  comparing  the  blue  insulated  wire  was  that  an 
analysis  of  the  insulation  show^ed  the  coloring  matter  to  contain 
iron  salt  (ferro-ferri-cyanide)  which  it  was  thought  might  be 
magnetic  and  therefore  affect  the  overall  resistance.  It  must  be 
concluded  that  coloring  matter  has  little  or  no  effect  on  the  resist- 
ance, at  least  for  the  spacings  used. 


VI. 


DETERMINATION   OF   BEST   SIZE  OF   LOOP  AND   NUMBER   OF   TURNS 
FOR  GIVEN   WAVE-LENGTH   DESIGN    CHART. 

The  results  of  Sections  2  and  3  above  show  that  for  given 
inductance  it  is  best  to  use  for  N  the  minimum  and  for  A  tlie 
maximum,  while  for  given  flux  linkages  the  best  values  of  A^  and 
A  depend  on  the  wave-length.     Combining  these  conclusions  we 
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can  see  that  there  are  certain  best  propjortionings  of  flux  Hnkages 
and  inductance.  The  problem  is  somewhat  as  follows:  Given  a 
certain  wave-length,  a  small  value  of  tuning  capacity  may  be 
assumed  and  the  required  inductance  calculated.  This  may  be 
obtained  by  the  use  of  a  few  turns  on  a  large  frame  or  many  turns 
on  a  small  frame.  Now,  at  first  sight  it  would  seem  as  though 
the  combination  using  few  turns  and  large  diameter  w'ould  be 
best  because  this  gives  highest  flux  linkages  "  (Sect.  3).     But,  as 
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shown  in  Sect.  2,  such  disposition  lowers  the  natural  wave-length 
of  the  coil  and  hence  the  best  working  wave-length.  For  given 
wave-length,  therefore,  there  are  certain  proportions  of  induc- 
tance and  total  area  NA  which  give  best  results. 

In  order  to  work  out  these  relations,  resistance  curves  were 
taken  and  reception  factor  curves  calculated  therefrom  for  differ- 
ent sizes  of  loops  and  different  numbers  of  turns.     The  spacing 

'  L  varies  as  square  of  turns  but  only  directly  as  the  area.  Flux  linkajjes 
arc  proportional  to  NA.  Hence  for  constant  /,  lar«;e  area  and  few  turns  jrive 
larger  flux  linkages  than  many  turns  and  small  area. 
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in  each  case  was  that  best,vahie,  as  read  from  Fig.  21  of  Sect.  4, 
corresponding  to  the  size  of  the  loop  used.  The  wire  w^as  No.  18 
d.c.c.  annunciator  (sohd). 

Figs.  25  and  26  refer  to  4  ft.  loops,  ^"  spacing  with  turns 
varied  from  10  to  80;  Figs.  27  and  28  to  6  ft.  loops  '/i,j"  spacing; 
Figs.  29  and  30  to  10  ft.  loops  ^"  spacing;  and  Figs.  31  and  32 
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to  15  ft.  loops  with  \y^"  spacing.  For  this  series  the  4  ft.,  6  ft., 
and  10  ft.  loops  were  mounted  horizontally  in  a  large  room,  so 
that  the  edges  of  the  loop  were  as  far  from  the  walls  as  possible. 
The  minimum  clearance  in  the  case  of  the  10  ft.  loop  was  6  ft. 
The  15  ft.  loop  was  built  out-of-doors  and  the  lower  edge  was  5 
ft.  from  the  earth. 

Two  important  facts  are  shown  by  these  curves.  The  first 
is  that  as  the  number  of  turns  is  increased  the  maximum  in  the 
reception  factor  curves  becomes  less  sharply  defined  and  the  loop 
receives  efficiently  over  a  comparatively  greater  wave-length 
range.  The  second  important  feature  is  that  as  the  number  of 
turns  on  a  given  frame  is  continuously  increased  the  maximum 
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reception  factor  increases,  reaches  a  maximum,  and  then  falls  off. 
The  highest  efficiency  for  a  4  ft.  loop  occurs  with  about  50  turns, 
while  for  6  ft.,  10  ft.,  and  15  ft.  loops  it  is  less,  and  about  as 
shown  in  the  following  table. 

Size  of  loop  No.  turns  for  best  possible 

reception 

4  feet 52 

6  feet 45 

I  o  feet 30 

15  feet 25 

Fig.  31. 
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For  a  given  number  of  turns  and  given  size  of  loop  there  is 
one  best  wave-length  at  which  to  operate.  This  wave-length  may 
be  read  off  from  the  curves  of  Figs.  26,  28,  30,  32  and  plotted 
directly  against  turn  (A'')  with  size  of  loop  as  parametre.  This 
has  been  done  in  the  lower  part  of  Fig.  35,  which,  therefore,  gives 
correlated  optimum  values  of  turns,  size  of  looj)  and  wave-length. 
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The  8  ft.  and  12  ft.  curves  were  interpolated  by  plotting  values  of 
A  against  size  of  loop  through  several  different  ordinates  of  A^. 
The  upper  curves  of  Fig.  33  were  also  obtained  from  Figs. 
^6,  28.  30  and  32  by  plotting  the  maximum  reception  factors  in- 
dicated therein  against  the  corresponding  number  of  turns. 


Fig.  32. 
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The  spacing  curve  of  this  figure  was  drawn  from  the  data 
of  Fig.  21,  and  thus  Fig.  33  becomes  a  complete  working  chart 
which  may  be  used  for  designing  loops  of  maximum  efficiency 
at  any  chosen  wave-length. 

Data  of  a  similar  nature  to  the  above,  but  referring  particu- 
larly to  short  wave-lengths  (200  metres  to  1000  metres),  have 
been  taken,  but  is  omitted  here  because  of  lack  of  space. 
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EXAMPLES  OF  THE  USE  OF  DESIGN  CHART. 

As  an  example  of  the  use  of  the  design  chart,  let  it  be  required 
to  determine  the  elements  of  a  loop  for  receiving  a  wave-length 
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of     1500    metres.       'I'hc    chart     shows    the     fi)llo\ving    possible 
combinations : 
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Size  of  loop  N'o.  of  turns  Spacing 

15  feet  7 1%" 

10  feet 13 H" 

6  feet 22 t't" 

4  feet 27 H" 

In  order  to  determine  which  of  these  is  the  best,  reference  is 
made  to  the  upper  reception  factor  curves.  This  gives  the  fol- 
lowing data : 

Size  of  loop  Reception  factor  . 

15  feet 5700  ■ 

10  feet 7300 

6  feet 7000 

4  feet 5000 

The  10  ft.  13  turn  loop  is  the  best,  altliough  a  somewhat 
smaller  loop  down  to  6  ft.  may  be  used  without  serious 
disadvantage. 

As  a  second  example,  let  the  required  working  wave-length 
be  3000  metres.    The  following  set  of  values  will  be  found : 

Size  of  loop  Xo.  of  turns  Spacing  Reception  factor 

15  feet 17 1%" 7500 

10  feet 30 3/i" 8800 

6  feet 50 i\" 9300     • 

4  feet 78 H" 4000 

It  thus  appears  that  in  this  case  a  6  ft.  50  turn  loop  is  best. 

size  of  tuning  condenser. 
To  complete  the  design  of  the  receiving  system  it  is  neces- 
sary to  know  the  size  of  tuning  condenser  needed  for  the  loop 
and  wave-length  in  question.  This  information  can  be  had  di- 
rectly when  the  apparent  inductance  of  the  given  loop  is  known  at 
different  wave-lengths.  Data  of  this  sort  has  been  taken  for  all 
of  the  loops  described  above,  though  lack  of  space  prevents  its 
inclusion  in  this  paper.  The  important  result  obtained  from  the 
data  is  that  any  loop  can  be  worked  at  its  best  wave-length  by  the 
use  of  a  variable  condenser  having  a  maximum  capacity  not 
exceeding  o.ooi  mf. 

EFFECT  OF  DEVIATION  FROM  BEST  WAVE-LENGTH. 

If,  as  is  often  the  case,  a  loop  is  to  be  used  at  several  wave- 
lengths rather  than  at  one  fixed  value,  then  the  design  chart  (Fig. 
33)  does  not  tell  the  whole  story.  In  this  case  reference  should 
also  be  made  to  Figs.  26,  28,  30,  32  in  order  to  choose  a  loop 
which  gives  the  best  average  efficiency  over  the  desired  range  of 
wave-lengths. 
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EFFECT  OF  PROXIMITY  TO  WALLS  OF  ROOM. 

When  a  loop  is  used  indoors,  proximity  to  the  walls  or  ceiling 
and  floor  of  the  room  may  cause  the  appearance  of  higher  effec- 
tive resistance  than  otherwise.  The  magnitude  of  this  effect  is 
shown  in  Fig.  34.     Curve  A  gives  the  resistance  of  a  40  turn 


Fig.  34. 
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lo  ft.  square  loop  with  ^'^  spacing  when  placed  vertically  in  a 
second-floor  room,,  the  upper  and  lower  edges  being  6"  from  ceil- 
ing and  floor,  respectively.  The  ceiling  was  plaster,  the  floor 
concrete.  Curve  B  is  for  the  same  loop  placed  horizontally  in 
the  centre  of  the  room  with  a  minimum  distance  of  about  5  ft. 
from  walls,  ceiling  and  floor.  The  resistance  is  considerably 
lower  in  the  latter  case. 


EFFECT  OF  DEAD  TL'UNS. 


The  effect  of  leaving  overhanging  dead  turns  on  the  loop  i.s 
shown  in  Fig.  35,  which  shows  the  reception  factor  as  function 
of  wave-length.  The  neighboring  imperfect  dielectric  eft'ect 
descrilx^d  in  a  previous  paragra])h  is  also  present  here,  as  the  loop 
was  used  vertically  with  lower  and  nj)per  edges  near  floor  and 
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ceiling.  The  dead  turns  were  broken  into  sections  of  lO  turns 
each,  except  for  the  measurement  of  5  turns  when  there  was  an 
adjacent  5  turn  section. 

The  exact  nature  and  magnitude  of  the  dead-end  effect  is 
much  more  vividly  presented  by  superposing  Fig.  35  on  Fig.  30. 
It  may  be  seen  that  in  general  the  dead  turns  materially  reduce 
the  efficiency  of  the  used  portions  of  the  loop.     In  fact,  so  great 

Fig.  35. 
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is  this  effect  on  short  wave-lengths  that  the  best  wave-length  is 
actually  much  longer  (shifted  to  the  right)  when  there  are  dead 
turns  present. 

GENERAL  REMARKS.    • 

The  working  curves  of  the  last  section  apply  accurately  only 
to  loops  wound  with  No.  18  solid  wire.  However,  if  wire  of 
different  size  is  used  the  interrelation  of  best  wave-length,  turns, 
spacing,  and  size  of  loop  is  not  appreciably  changed,  but  only  the 
efficiency  varies,  and  it  is  either  decreased  or  increased  for  all 
wave-length?.    This  w'as  definitely  shown  by  the  data  of  Sect.  5. 
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All  the  reception  factor  curves  are  based  on  sustained  wave 
reception  and  a  detector  response  proportional  to  the  effective 
undamped  voltage  across  the  loop  condenser.  If  damped  waves 
are  being  received  the  efficiency  is  different  and,  in  general,  the 
best  wave-length  for  a  given  loop  is  shifted  slightly  toward 
shorter  values.  The  reason  for  this  is  that  for  damped  waves  the 
reception  is  a  function  of  transmitter  and  receiver  decrements 
such  that  the  inverse  proportionality  of  current  to  loop  resistance 
is  not  exact. 

Part  II. 

THE   DIRECTIONAL   CHARACTERISTICS   OF  LOOP   RECEIVERS. 

GENERAL. 

In  Fig.  36  is  shown  a  loop  receiver  of  height  h  and  breadth  / 


Fig.  2)^. 


^ 


turned  at  angle  a  (in  azimuth)  to  the  line  of  propagation  of 
waves  originating  at  P.  There  are  supposed  to  be  A  turns  of 
wire  on  the  loop  wound  close  together,  so  that  at  any  in.stant  all 
of  the  wires  on  a  given  edge  of  the  loop  A  or  B  occupy  .sensibly 
the  same  place  in  the  wave  field;  in  other  words,  the  winding  here 
is  not  spaced. 

It  is  further  assumed  that  the  wave  front  at  the  receiver  is 
plane  and  perpendicular  to  the  earth's  surface. 

Let  c  =  /l  sin  oj/  =  electric  field  intensity 
at  O  produced  by  /•". 

The  field  at  B  lags  that  at  A  by  </>  times  degrees. 

PB  -  PA 

<(.  = 2  7r  and  since  PC  ^  PA 


*  = 


BC 


2    TT    / 
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At  B  the  electric  field  (referred  in  time  to  o)  is  : 

c  =   E  sin   ( co/  —    ~  ) 

at  A  it  is : 

e.,  =   £sin  i^t+   :^  J 
The  instantaneous  potential  on  each  of  the  A''  wires  at  A  is: 

e.,  dh    =  Bah 

On  each  of  the  wires  at  5  it  is : 


It  is  the  vector  difference  of  the  potentials  Va  and  Vb  summed  for 
A'  wires  which  causes  current  to  flow  in  the  loop.^  The  vector 
diagram  is  shown  in  Fig.  37. 


We  thus  have  for  the  effective  instantaneous  voltage  acting 
in  the  serial  loop  circuit 


=  nv  =  n  Eh 


sin  iut  +  jj-  sin  ( co/  -  -  ) 


2nEh  sin  ~  cos  cot 


"  There  are  two  ways  of  thinking  of  the  production  of  driving  elec- 
tromotive in  the  loop.  It  can  be  considered  as  being  induced  by  the 
magnetic  flux  component  of  the  wave,  as  was  done  in  Part  I,  or  it  can 
be  treated  as  resulting  from  the  phase  difference  in  the  electric  field  at 
the  two  sides  of  the  loop  as  just  outlined.  It  can  easily  be  shown  that  the 
value  of  the  e.m.f.  acting  in  the  loop  is  the  same  whether  it  is  derived  on 
the  basis  of  flux  linkages  or  from  the  electric  forces.  The  latter  method 
of  considering  the  situation  is  more  instructive  in  treating  the  directional 
characteristics. 
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The  amplitude  of  this  voltage  is  thus 

.    *  .    (1^1         \ 

2nEh  sin  ~   =  2nEh  sin  I  -t"  cos  a  j 

For  /  much  less  than  A  as  is  usually  the  case 

sin  -;—  cos  a  =   T~  cos  a 


and  amplitude  is 


271  Ell  IT  I 

pQg  ^        (j) 


This  is  the  fundamental  equation  for  the  directional  charac- 
teristics of  the  loop  and  gives  the  two  tangent  circles  of  Fig.  38. 

Fk;.  38. 


DEVIATION  OF  THE  POLAR  CURVE  IN    PRACTICE  FROM  THE  DOUBLE 
CIRCLE   DERIVED   BY    THE   SIMPLE  THEORY. 

In  practice  the  directional  characteristic  of  the  loop  receiver 
is  not  so  uniform  as  is  indicated  by  the  two  tangent  circles  derived 
from  the  simple  theory.  Its  shape  has  been  found  to  depend  in 
the  shape  and  dimensions  of  the  loop,  the  manner  of  winding, 
proximity  to  the  earth's  surface  or  nearby  conductors,  the  nature 
of  the  terrain  separating  transmitter  and  receiver  and  on  the 
arrangement  and  disposition  of  the  receiving  apparatus.  A  typi- 
cal curve  as  obtained  by  measurement  of  received  signal  at  differ- 
ent angular  positions  of  the  loop  may  be  as  shown  in  Fig.  39.  It 
is  seen  that  there  may  be  a  considerable  polar  dissymmetry  with 
unequal  maxima  and  minima,  and  although  not  always  as  pro- 
nounced as  is  indicated  in  the  figure  is  nevertheless  always  present 
and  when  augmented  by  proper  design  of  the  apparatus  can  be 
readily  used  for  determination  of  the  absolute  direction  or  sense 
•of  a  distant  transmitter. 


Sept..  igiQ]      R.\D10    DlRECTIOX    FiNDlXG    Al'r.VUATUS. 


327 


It  is  the  purpose  of  the  following  discussion  to  give  the  rea- 
sons for  this  dissymmetry.  The  analysis  has  led  to  the  develop- 
ment of  different  means  of  either  enhancing  or  decreasing  it  so 
that  utility  of  the  loop  direction  finder  is  considerably  increased. 

In  general,  there  are  two  diiTerent  types  of  loops  in  use :  the 
solenoidal  type  in  which  all  turns  have  the  same  area,  and  the 
flat  pancake  type  in  which  the  areas  of  successive  turns  decrease 
toward  the  centre  of  the  winding.  The  two  types  have  dififerent 
directional  characteristics,  and  each  will  lie  considered  separately. 

Fig.  39. 


SOLENOIDAL  TYPE  LOOP. 

The  type  of  loop  to  be  considered  here  is  shown  in  Fig.  40. 
Its  polar  characteristic  is  distorted  from  the  simple  circular  form, 
being  the  combination  of  three  dififerent  effects. 

1.  The  displacement  current  effect. 

2.  The  antenna  effect. 

3.  The  shape  effect. 

I.  The  Displacement  Current  Effect. — According  to  the 
simple  theory,  when  the  plane  of  the  loop  is  at  right  angles  with 
the  direction  of  wave  travel,  the  electromotive  forces  developed 
in  wires  a  and  b  are  all  equal  and  simultaneously  opposite  to  each 
other  in  phase,  so  that  no  current  flows  to  the  tuning  condenser  C. 
This  conclusion  is  correct  as  far  as  the  simple  loop  effect  is  con- 
cerned, but  a  certain  current  does  flow  to  the  condenser  even  at 
the  position  a  -  90°  and  this  is  in  part  due  to  what  has  been  here 
termed  the  "  displacement  current  effect." 

On  account  of  the  spacing  of  the  winding  there  is  a  phase 
difference  between  the  voltages  developed  in  successive  wires  for 
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Fig.  41. 
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all  positions  except  a  =o\  and  for  this  reason  displacement 
currents  i\ow  across  the  coil  through  the  series  capacities  formed 
by  successive  convolutions  of  the  winding  (see  Fig.  41).  This 
current  passes  out  through  the  tuning  condenser  C  and  produces 
a  signal. 

In  Fig.  41.  all  the  turns  have  been  omitted  save  the  two  outer 
ones.  This  simplifies  the  treatment  considerably  without  intro- 
ducing much  error,  because  what  we  are  really  concerned  with  in 
any  case  is  the  total  phase  displacement  between  the  first  and  last 
turns  and  the  capacity  of  the  («-i)  condensers  in  series  formed 
by  the  ;/  successive  turns. 

If.  as  before.   e  =  E  sin  ul  at  centre  of  loop  O 

then  when  the  plane  of  the  loop  is  at  right  angles  to  the  line  of 
wave  propagation  the  instantaneous  electric  field  at  M  is 

e,„    =  £  sin    f  to/  +  -r-  ) 

At  A'  it  is 


e„  =  E  sin 


("'  -  V) 


It  is  the  diflference  of  these  two  which  gives  rise  to  the  dis- 


placement current  between  wires. 


e„  =  E 


("'  +  ^)    -  sm   (co/  -  ^) 


ITS 

=  2  E  sin  -T-  cos  to/. 

The  amplitude  of  this  potential  difference  is  thus 

TT  S  2  IT  S  .  5 

2  E  sin  "T"  ^   -T—  E  since  y  is  very  small. 

This  expression  holds  when  the  loop  is  at  right  angles  to  the 
wave,  that  is,  a  -  90"^.   For  any  other  angular  position  it  becomes 

2    T  S 

-\ —  E  sin  a  ,  , 

>^  (2) 

In  order  to  get  the  effect  on  the  detector  this  must  be  inte- 
grated through  the  height  h  so  that  we  get  (this  is  only  approxi- 
mate; more  accurate  expression  is  developed  l^elow)  : 

2  IT  s  h 

— c £  sin  a  ,  , 

^  (3) 

as  the  expression  which  must  be  compared  with  (i)  if  it  is  de- 
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sired  to  know  the  ratio  of  signals  produced  by  the  straight  loop 
effect  and  the  displacement  current  effect. 

If  the  displacement  current  effect  is  combined  with  the  straight 
loop  effect  the  result  shown  in  Fig.  43  is  obtained.  It  must  be 
noted  in  superposing  these  effects  that  the  two  must  be  added 
vectorially  as  at  right  angles  to  one  another  because  the  e.m.f. 


Fig.  42. 


_eb 


of  the  direct  loop  effect  produces  current  through  a  tuned  cir- 
cuit and  thus  in  phase  with  itself  while  the  second  effect  gives 
charging  current  90°  displaced  from  the  voltage.  The  vector 
diagram  for  a  given  angular  coil  position  is  shown  in  Fig.  42. 


Fir. 

43- 

i 

V\ 

RESULTANT 

Or 

i 

> 

V 

N     PISPLACEMENT  CURR5» 

I   Weffect 

V 

^ 

\\       MAIN  LOOP                  / 
N^FFECT                    y 

^^«t^ 

^ 

^^:=^= ^ 

There  is  another  displacement  current  effect  besides  that  first 
described.  It  is  maximum  when  the  coil  is  in  line  with  the  waves. 
i.e.,  in  position  for  maximum  signals,  and  is  simply  the  usual 
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current  flowing  through  the  distributed  capacity  of  the  coil.  It 
depends  on  the  ratio  of  inductive  reactance  to  capacity  reactance 
per  unit  length  of  the  winding,  and  this,  of  course,  is  small  (ex- 
cept near  the  natural  frequency  of  the  coil),  as  is  shown  by  the 

Fig.  44. 


necessity  of  having  a  condenser  across  the  terminals  for  tuning. 
It  depends,  also,  of  course,  on  the  linear  dimensions  of  the  coil, 
increasing  with  increase  of  /  and  H. 

Fig.  45. 


,,    ■- 
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The  polar  curve  of  the  effect  would  be  that  shown  in  Fig.  44, 
so  that  if  it  is  taken  into  consideration  its  chief  effect  is  to  very 
slightly  elongate  the  major  axis  of  the  directional  characteristic, 
and  is,  therefore,  not  of  great  importance. 


33^ 


A.  S.  Blattermax. 


[J.F.I. 


2.  The  Antenna  Effect. — This  effect  is  occasioned  by  capacity 
currents  to  earth  from  the  loop  structure  acting  as  a  simple  an- 
tenna and  is  what  produces  asymmetry  in  the  polar  characteristic. 
Referring  to  Fig.  45,  it  is  seen  that  a  certain  current  flows  directly 
between  the  loop  and  ground  through  the  capacity  of  the  filament 
battery  and  operator's  body ;  and  since  the  two  terminals,  A  and  B, 
of  the  loop  have  different  capacities  against  ground  a  voltage  is 
developed  between  them.     The  amplitude  of  this  voltage  is  obvi- 

FlG.  46. 


ously  independent  of  the  angular  position  of  the  loop  and  hence 
gives  a  circular  polar  characteristic,  as  in  Fig.  46. 

The  magnitude  of  the  antenna  effect  is  difficult  to  calculate 
with  any  accuracy,  but  is  measured  roughly  by  the  height  of  the 
antenna  (loop). 

As  regards  the  detector  effect  it  must  be  combined  with  the 
other  voltages  in  proper  phase.  It  produces  essentially  a  capacity 
current  and  hence  in  time  quadrature  with  the  straight  loop  eft'ect. 


Fk;.  47. 


WAVE 


l)ut  this  is  only  approximate  because  its  true  phase  must  be  re- 
ferred to  the  axis  O  of  the  loop  and  hence  varies  with  the  angular 
position.  The  proper  angle  to  use  for  the  vector  combination 
vvitJi  the  other  effects  is 


90" 


as  can  l)e  seen  from  Fig.  47. 

This  shift  in  the  phase  of  the  antenna  effect  produces  dis- 
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tortion  in  the  neighborhood  of  both  maxima  and  minima  of  the 
resultant  polar  curve  where  all  the  effects  are  combined. 

In  Fig.  48  is  shown  the  characteristic  of  a  solenoidal  type  loop 
as  derived  by  the  proper  superposition  of  (i)  the  straight  loop 
effect,  (2)  the  displacement  current  effect,  and  (3)  the  antenna 
effect. 

3.  The  Shape  Effect. — There  is  an  additional  distortive  effect 
caused  by  changes  in  the  ratio  of  height  to  length  of  loop.  The 
nature  of  this  effect  is  shown  in  Fig.  49.  where  the  dotted  curve 
is  derived  for  a  high,  narrow  coil,  and  the  solid  line  for  a  wide. 

Fig.  48. 
RESULTANT 


1  =  DISPLACEMENT  CURRENT 
EFFECT 

2  =  ANTENNA  EFFECT 

low  coil  having  half  the  antenna  effect.  It  is  seen  that  a  sharper 
maximum  is  to  be  expected  from  a  tall,  narrow  coil  than  for  a 
low,  broad  one. 

The  reason  for  the  difference  is  that  the  antenna  effect  for  a 
narrow  coil  is  large  and  its  phase 


90-- 


changes  only  slightly  as  the  coil  is  turned,  while  for  a  broad  coil 
(larger  i)  the  phase  change  is  greater  and  since  the  antenna 
effect  is  less  (for  the  same  area)  the  curve  is  little  distorted  in 
the  neighborhood  of  minima  but  noticeably  bulged  out  toward 
the  maxima. 
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The  shape  of  the  curves  of  Fig.  49  have  been  exaggerated  for 
clearness  but  show  the  general  shape  of  the  total  polar  charac- 
teristic, and  have  been  well  checked  experimentally. 

IMPROVEMENT  OF  THE  ACCURACY  OF  THE  SOLENOIDAL  TYPE  LOOP 
AS  DIRECTION  FINDER. 

In  all  cases  the  accuracy  of  the  direction  finder  depends  pri- 
marily upon  obtaining  a  sharp  minimum  in  the  neighborhood  of 
a  =90°.  Reference  to  the  above  discussion  and  the  Fig.  48 
shows  that  the  sharpness  of  the  minimum  depends 


ZfeO"   270°    260° 


1.  On  the  magnitude  of  the  displacement  current  effect, 

2.  On  the  magnitude  of  the  antenna  effect. 

It  is  necessary  to  reduce  both  these  effects  in  order  to  secure 
a  sharp  minimum.  Both  are  affected  by  the  shape  of  the  loop. 
The  displacement  current  effect  for  given  area  is  minimum  for 
a  square  loop,  because  this  shape  gives  shortest  possible  perimetre 
and  thereby  minimum  caj)acity  between  turns.  The  antenna  ef- 
fect is  less  for  low  coil,  i.e.,  small  ratio  of  h  to  /. 
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REDUCTION  OF  THE  DISPLACEMENT  CURRENT  EFFECT. 

The  displacement  current  effect  can  be  reduced  to  a  minimum 
by  proper  spacing  of  the  wires  constituting  the  winding. 

We  have,®  referring  to  Fig.  50,  which  is  a  dupHcation  of  Fig. 
41,  as  the  voltage  across  the  tuning  condenser  (7^ 

Fig.  50. 


E^  — ; 

CO  c 


where  /  =  displacement  current  through  the  capacity 

C2  of  the  winding. 

The  voltage  producing  the  current  /  is,  by  equation  (2) 


Therefore, 


■* 

'  w 

5 

X 

h. 

/ 

2  IT  S 
\ 

E 
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Ci  +  G 

2-ir  S 
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C,  C2 
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Ci  +  G 
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C,  +  C2 


*  This  treatment  is  not  rigid  and  is  only  intended  to  show  approximately 
what  can  be  accomplished  by  proper  spacing  of  the  winding. 
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or 

s  C-i 
Ee  =  K 


Cx  +  G 

Now  C2  is  the  capacity  between  parallel  wires  of  length  2{h  +  /) 
diameter  d,  and  separation  ^  and  is 

I  2  {h  +1) 


^^  =   -    I 


Hence  ^  °^e  d{n-i) 

sih  +  I) 


{n-i)C,\og-~-^^   +(/j+/)    ' (5) 

The  condition  for  mininmni  of  this  function  is 

-~    =0=^    [{n~i)  C,  log  J^~-[^  +  (/^  +/)]   (A+/)  -  («-i)  C.  (//+/) 
or 

h  +  I 


d(n  —  i)      I         ,  ^  .- 

2 

or  the  spacing  between  wires  -^  should  be 

_      h  +  l 

e'         («-l)C,  (6) 

2 

=  i.4<i for  a  many  turn  winding  or  where  the  wave- 
length is  very  long  so  that  Ci  is  large. 

The  function  (5)  is  shown  graphically  in  Fig.  51.  That  is. 
this  figure  shows  the  variation  in  the  magnitude  of  the  displace- 
ment current  effect  with  spacing  — ^. 

'  '^    71  —  I 

These  deductions  are  of  particular  value  in  designing  coils 
for  long  wave-longth  work  where  a  large  number  of  tiUMis  will 
be  used.  For  short  wave-lengths  only  a  few  turns  are  used  and 
the  displacement  current  is  then  small  in  any  case,  so  that  usually 
overall  efficiency  is  more  important  than  the  reduction  of  the 
displacement  currents.  For  this  reason  on  coils  for  this  class  of 
work  using  only  a  few  turns  the  wires  will  usually  be  spaced 
somewhat  further  apart  than  the  value  given  by  i.4(/  or  (6).  As 
regards  long  wave-lengths,  it  was  shown  in  Part  I.  that  the  spac- 
ing of  the  wires  has  not  nuich  to  do  with  the  efficiency,  and  hence 
for  such  cases  a  closer  spacing  may  l>e  used,  as  indicated  by  i.4(/. 
and  thus  improve  the  direction  finding  (jualities. 
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REDUCTION    OF    THE   ANTENNA    EFFECT. 

As  discussed  above,  the  antenna  effect  is  due  to  capacity  cur- 
rents to  ground  from  the  loop  thrcnigh  the  tuning  condenser.  In 
order  to  ehniinate  these  currents  it  is  necessary  that  the  terminals 
of  the  loop,  A  and  B  (Fig.  45),  have  exactly  equal  capacities 
against  ground.  The  condition  can  be  partially  achieved  by  rais- 
ing the  filament  lighting  battery  of  the  receiver  well  off  the  ground. 

Fig.  51. 


This  can  never  be  entirely  satisfactory,  however,  because  of 
the  capacity  of  the  operator's  body  through  the  telephone  (see 
Fig.  45).  If  it  is  desired  to  obtain  complete  balance,  an  auxiliary 
capacity  must  be  provided  from  terminal  B  to  ground.  The  com- 
pensator shown  in  Fig.  52  can  be  used  for  this  purpose.  It  con- 
sists of  three  metal  plates,  x,  y,  z,  two  of  which,  x  and  z,  are 
stationary  and  connected  respectively  to  the  loop  terminals  A 
and  B.  The  third  plate,  y,  is  movable  and  connected  to  earth. 
By  turning  this  plate,  an  exact  balance  can  be  obtained  for 
capacity  to  earth  from  the  loop  terminals,  and  the  minimum  in 
the  polar  curve  is  thereby  sharpened. 
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Another  way  in  which  the  antenna  efifect  can  be  reduced  in 
any  loop  and  the  minimum  thereby  sharpened  is  by  placing  a 
grounded  electrostatic  shield  consisting  of  several  horizontal 
wires  above  the  loop.  The  theory  would  indicate  that  such  ar- 
rangement makes  for  a  more  symmetrical  system  electrically  and 
thus  excludes,  or  at  least  greatly  reduces,  distortion  of  the 
characteristic. 

FLAT  PANCAKE  LOOP. 

The  flat  pancake  type  loop  acts  in  a  somewhat  different  way 
from  the  solenoidal  type.     The  same  general  discussion  of  the 

Fig.  52. 


TO  LOOP 


simi)le  loop  and  the  shape  effect  applies  to  both  types,  but  the 
antenna  effect  and  the  displacement  current  effect  are  different. 

DISPLACEMENT  CURRENT  EFFECT. 

The  main  displacement  current  effect  described  above  is  en- 
tirely absent  in  the  pancake  loop.  This  is  easily  understood  by 
considering  the  loop  in  the  90°  position,  i.e.,  at  right  angles  to 
the  sending  station.  In  this  position  there  is  no  phase  displace- 
ment between  the  electric  fields  acting  on  the  several  wires  and 
hence  no  displacement  current. 


\ 


ANTENNA   EFFECT. 


The  antenna  effect  is  much  the  same  as  in  the  solenoidal 
type  loop,  but  greater  due  to  the  decrease  in  length  of  the  vertical 
wires  toward  the  centre  of  the  winding.     Instead  of  being  meas- 
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ured  by  the  height  h  of  the  loop  as  for  the  solenoid,  it  is  here 
measured  approximately  by 

h+2tid 

where  .V  =  number  of  turns 

d  =  spacing  between  turns. 

(See  Fig.  53.) 

As  in  the  case  of  the  solenoid, the  polar  amplitude  curve  of  the 
antenna  eflFect  is  circular,  and  in  combining  its  radius  vectors 
with  those  representing  the  straight  loop  efifect  proper  recognition 
must  be  taken  of  the  time  phase  angle  between  the  two.  The 
phase  of  the  antenna  efifect  varies  wnth  the  azimuth  of  the  loop 

Fig.  53. 


as   for  the   solenoid   and   referred  to   the  axis  of  the   loop   is 
approximately 

90     ±  ^  cos  a 
STRAIGHT  LOOP  EFFECT. 

Referring  to  Fig.  53,  let 

f  =  Total  effective  instantaneous  potential  of  straight  loop  effect  in  loop  for 
any  angular  position  (azimuth). 

v  =  E<h  sin  (    ut    +  ~  cos  a  J  —ih—d)  sin  (  co^  —  ~  cos  a  ) 

f     ,    J-    1^^-M)  ^  /L  JN      •       Z'     ,        7r(/-2rf)  \ 

[oit-i COS  a  1  -{h-sd)sm  luit ^— — ^cos  a  j 


+  ih  —  2d)  sin  (  ut  +  ;^ cos  . 
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+  ih-^d)  sin  fa>t  +  ""SLlA^  eos  a\  - ih-sd)  sin  /"co/-^^^"^^^  cos  c\ 

^lu      AW^          f    ,   i    7r(l-6d)              \       n          J^    ■     /^    ,       ir{l-6d)  \ 

+  (/z— 6a)  sm  I  aj<  + cos  a  1  —  (/«  — 7a)  sin  (  a;/— cos  a  1 

+ 

+  {h-2{n-i)d)  sin  Lt  +  "i^^Ilpll^  Vosa 

-(A-(2n-i)^)sin   ^-^-^(^-^(>^-iW,^3     \    j. 


Let 

X  cos  a. 


=   k 


\ 

cot     =     d 

( h  sin  e  cos  kl+h  cos  0  sin  kl  —  {h—d)  sin  0  cos  kl-\-{h  —  d)  cos  0  sin  fe/ 
*  =  ■)  +(/f-2(i)  sine  cos  ^  {l-'^d)  +  {h—2d)  cos  9  sin  ;fe  (/-^rf)  -  (/t-3rf)  sin  0  cos 
^         k  {l-H)  +{h-2,d)  cos  e  sin  /^(/-^(f) 

+  (A  — 4c?)  sin  0  cos  ^(/— 4<i)  +  (A  — 4^^)  cos  9  sin  k   {I  —  ^d)  —  {h  —  ^d)  sin  0 
cos  k  il—4.d)  +  {h  —  5d)  cos  ^  sin  k{l—^d) 

+ 

+  [A  — 2  (w  — i)  (/]  sin  e  cos  ^  (/  — -  (re  — i)^/)  -r  [/j  — 2  («  —  i)  tf]  cos  d  sin  ife 
(/-2(n-i)d) 

—  [h-{2b-\)d]  sin  dcoskil--  {n-i)d)  +  [h-i2  n-i)  d]  cos  9  sin  /fe     ) 

a-^{n-i)d)  V 

As  approximation  can  be  used  the  first  two  terms  of  the  cos 
and  sin  expansions  into  series  by  Maclaurin's  theorem. 


sin  X    =   X   —  -jT 

x' 
cos  X  =    I    —  -JT 

Now 

/ 
\ 

is  never  >  0.0 1 

.     cos  kl  =  cos  "T-  cos  a  ^   I 
sin  kl  'M  kl  =    y  cos  a 

Hence 

(  h  sin  e  +  hkl  cos  6  -  (h-d)  ainO  +  {h  -d)  kl  cos  0 
^'  ''-^     +  {h-2d)  sin  d  +  (h-2d)  k{l-H)  cos  e-{h-  ->,d)  sin  »  +  (/;-  v')  ^ 
I  (/-^rf)  cos  (9 

+  (A-4rf)  sin  (9  +  (A-4d)  k  (l-^d)  cos  0-{h-^d)  sin  fl-|-(/;-5f/)  A- 
{l  —  i\d)  cos  0 

+  [/j-2  («-i)d|  sin  e+[A-2  («-i)  d\k{l-^'{n-\)d)^:ovie  \ 

-  [h-{2n-i)d]^in0+[h-(2tt-i)d]  k{l-Hti-i)d}  cos6>J 
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+  [h-2(n-i)d)-(h-(2n-l)d)[sm  d] 

lk  +  M  +  (h-d)l  +  {h-2d){l--d)  +  {h-:>,d){l~-d)  +  (li-4d)(l-:[d) 
+  {h-5d){l-^d) 

+ +[h-2{n-i)d][t-Hn-i)d]+[h-i2v-i)d][l--' 

in-i)d]  ]  cos  e] 

[rf  [1-2+3-4+5- -2(n-i)  +  (2«-i)]  sine 

I  jf-k  [hl+hl-dl+hl-2dl-Vid+^d'-+hl-3dl-Vid+6d'^+hl-4dl-4dlt  + 

ltd-  +hl-5dl-4dh+2od-^+ 

+hl -2{n  -i)dl -2{n  -  i)dh+4{n  -  iy-d-+hl -  i2n  -  i)dl--{n  -  i)dh  +  ^~ 

(2tt  — i)(«  —  i)d2  ]  cos  d 

^  ^  \  ndain  e+k  [2n/;/-d/(t +2+3+4  +  5+ 2(h  -  i) +  (2n- i) 

I  -2hd(i  +  i+2+2  + (n-i)  +  (M-i) 

+  2d-(2+3  +  8  +  IO+ 2(n  — l)-  +  (2W—  l)(w  — l))]    COS  d  J 

-   ir["'^^'"^+*   \2nhl  —  n{2n  —  i)dl  —  2n{n—i)dh 

{  +2rf-(-+3+8  +  IO+ 2(«-l)2  +  (2«-l)(w-l))]  COS 


(7> 


f 
f  =  nE 


I    /        r  2d- 

<    -*/rf2  +  yt2[2W-(2W-l)rf/-2(7Z-l)(//?.+-— (2+3  +  8  +  10+ 

2(M-i)2+(2n-i)(w-i)l-'  sin  (9  +  })  (8)1 

where 

_1  ^       [2/!  -(2«-l)^/-2(n-l)(f/2+^(2+3  +  8  +  IO+ 

2{n-i)-{  +  {2n-\){n-i)\ (9)1 


--tan^ 


d 

Equations  (7),  (8)  and  (9)  .show  that  the  straight  loop- 
effect  of  the  pancake  may  be  thought  of  as  made  up  of  two  parts 
to  be  added  vertorially  at  90°.    One  of  these, 

«  d  E 

is  independent  of  angular  position  and  therefore  circular;  the' 
other, 

r  d"" 

k\2hl-(2n-i)dl-2(n-i)dh+2—(2+3  +  8  +  io+.  .  .  .2(m-i)2  +  _ 

(2m-i)(m-i))J; 

varies  according  to  k,  i.e.,  the  cosine  of  the  angle,  and  hence  ap- 
pears as  two  tangent  circles.  The  phase  ^  of  the  resultant  of 
these  referred  to  the  loop  axis  varies  also  with  Cos    a.     The 
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angle  to  be  used,  therefore,  in  combining  the  antenna  and  straight 
loop  effect  is 


irl 
90     -|-  ~;~COSa 


Tan-^  =90° 


2(f2 


\2hl-i2n-i)dl-2{n-i)dh  +  — (2+3+8 )+/ 


It  is  seen  from  this  expression  that  the  angle  T  at  which  the 
antenna  effect  and  the  direct  loop  effect  must  be  combined  changes 
with  different  angular  coil  positions.  This  is  a  very  significant 
circumstance.  It  gives  rise  to  distortion  of  the  polar  curve  which 
is  particularly  noticeable  in  the  neighborhood  of  maxima.  In 
the  pancake  loop  it  is  not  essentially  the  cause  of  a  broader  mini- 
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mum  on  one  side  of  the  curve  than  on  the  other.  This  is  due  to 
a  combination  of  the  antenna  effect  with  the  second  displacement 
current  effect  mentioned  under  the  solenoid  loop,  which  latter  has 
its  maximum  value  when   a  =  o. 

Fig.  54  is  drawn  to  show  the  various  effects  in  a  jjuncake  loop 
and  their  resultant.  The  shape  effect  is  not  shown,  but.  as  has 
been  explained,  tends  principally  to  elongate  the  curve  along  the 
major  axis.  The  second  displacement  current  effect  is  also 
■omitted  for  simplicity,  thus  giving  symmetrical  minim?. 

FACTOR.S   ArFECTING    DISTORTION    AND   SHARPNESS    OF    MINIMUM. 

The  sharpness  of  the  mininuun  can  be  increased  by  decreasing 
the  term  n  |  see  ecpiation  (7)]  ;  that  is,  by  decreasing  the  radial 
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depth  of  the  winding.  It  can  be  further  increased  by  dtK:reasing 
the  antenna  effect ;  that  is,  by  decreasing  the  wire  spacing  or  by 
any  of  the  means  described  for  the  solenoid  loop.  This  also 
reduces  dissymmetry  in  the  characteristic. 

When  the  dissymmetry  is  desirable  as  for  finding  absolute  di- 
rection, the  pancake  type  winding  should  always  be  used  and 
the  antenna  effect  increased  by  any  means  possible.  A  rather 
wider  spacing  of  the  wires  is,  therefore,  desirable  in  this  case 
than  would  ordinarily  be  used  on  a  solenoid  loop. 

Increasing  the  spacing  must  not  be  carried  to  extreme,  how- 
ever, since  it  seriously  impairs  the  accuracy  of  the  coil  as  direction 
finder  by  broadening  the  minimum. 

It  is,  in  fact,  true  and  a  point  of  practical  interest  that  the 
pancake  loop  usually  never  has  as  sharp  minimum  as  the  solen- 
oidal  type,  because,  even  for  equal  antenna  effects  in  the  two 
cases,  the  displacement  current  effect  in  the  solenoid,  measured  by 

2  IT  s  E 

is  much  smaller  than  the  equivalent  "  winding  "  pitch  effect  of  the 
pancake  which  depends  on 

n  d  E 

In  regard  to  this  statement  it  should  be  pointed  out  that  the 
theoretical  characteristics  for  the  two  types  of  loops  (Figs.  48, 
49  and  54)  are  not  drawn  to  scale  nor  with  the  exact  distortion 
angles,  so  that  they  cannot  be  compared  with  each  other.  Ten- 
dencies only  are  indicated. 

EFFECT    OF    RECEIVER    SENSITIVENESS    NECESSITY    FOR    RADIO 
FREQUENCY  AMPLIFICATION. 

The  accuracy  of  the  direction  finder  and  the  speed  with  which 
settings  can  be  made  depend  on  the  sharpness  of  the  minimum 
points  in  the  directional  polar  characteristic.  Some  of  the  factors 
that  effect  this  have  just  been  discussed,  but  there  is  in  addition 
to  these  another  very  important  one,  namely,  the  sensitiveness 
of  the  detecting  apparatus. 

If  the  sensitiveness  is  made  very  great,  it  is  often  dif^cult  to 
find  an  absolute  zero  as  the  loop  is  rotated.  It  will  sometim.es 
only  be  possible  to  find  a  more  or  less  restricted  region  of  mini- 
mum signal  strength,  the  reasons  for  which  are  evident  from  the 
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figures  and  the  discussion  above.  Nevertheless,  it  is  generally 
desirable  to  have  the  detection  sensitiveness  as  great  as  possible 
for  the  following  reason:  If  the  polar  curve  is  as  shown  in  Fig. 
55  and  the  sensitiveness  of  the  detecting  apparatus  is  such  that  it 
just  responds  to  the  potentials  of  value  Vi,  and  voltages  less  than 
this  cannot  be  detected,  then  as  the  loop  is  rotated  zero  response 
will  be  obtained  through  the  regions  AB  and  CD.  If,  however, 
the  detector  sensitiveness  is  greater  so  that  smaller  voltages  down 
to  value  Vo  can  be  detected  the  zero  regions  are  narrowed  down 
to  A'B'  and  CD'  and  the  apparatus  becomes  more  accurate.    By 

Fig.  55. 


further  increasing  the  sensitiveness  still  greater  accuracy  is  ob- 
tained as  the  zero  regions  are  further  narrowed  and,  in  the  case 
shown,  an  increase  in  sensitiveness  to  correspond  to  the  potential 
V^  would  give  a  single  point  or  position  where  there  would  be 
zero  response. 

It  is  very  desirable  to  produce  this  condition,  but  to  do  so 
re(|uires  extremely  sensitive  detecting  apparatus  as  well  as  a  very 
sharp  antenna  (loop)  characteristic.  If  the  zero  regions  are 
wider  than  a  few  degrees  so  that  they  cannot  be  accurately  and 
quickly  bisected  experimentally,  the  average  of  the  four  readings, 
A.  B,  C,  D,  where  the  signal  becomes  inaudible  must  lie  taken 
as  an  indication  of  the  true  minimum,  and  although  this  recptires 
time,  it  has,  nevertheless,  been  found  to  give  good  accuracy  pro- 
vided the  regions  of  silence  do  not  exceed  about  30".     With  the 
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uncompensated  loop  midpoints  of  the  regions  AB  and  CD  are  not 
180^  apart,  as  has  already  been  shown,  and  this  makes  it  neces- 
sary to  average  all  tour  readings  as  just  described. 

On  account  of  the  exponential  relation  between  current  passed 
and  applied  potential,  all  the  usual  radio  detectors  respond  much 
more  effectively  to  large  impressed  voltages,  that  is  strong  sig- 
nals, than  they  do  to  weak  ones.  In  other  words,  the  ordinary 
detector  (including  the  vacuum  tube)  is  insensitive  to  weak  sig- 
nals, and  since  it  is  always  in  the  region  of  weak  signals  that 
the  directional  setting  is  made  there  is  a  great  loss  of  accuracy. 
No  amount  of  audio  frequency  amplification  will  overcome  the 
difficulty  because  the  audio  frequency  amplification  cannot  be 
brought  into  play  until  the  detector  is  "  triggered  off."  It  is  for 
these  reasons  that  it  has  been  found  necessary  to  amplify  the 
radio  frequency  energy  before  passing  it  to  the  detector  by  means 
of  a  multistage  radio  frequency  amplifier. 

Part  III. 

EXPERIMENTAL  CHECKING  OF  RESULTS  AND  PRACTICAL  FORMS  OF 
APPARATUS  DEVELOPED. 

Space  does  not  permit  a  full  account  of  the  large  number  of 
experiments  that  have  been  made  to  check  the  conclusions  ar- 
rived at  from  the  above  theoretical  considerations,  nor  of  those 
made  for  the  purpose  of  amplifying  the  theory  and  gathering 
-certain  additional  data  necessary  for  the  actual  design  of  appa- 
ratus. Neither  is  it  possible  here  to  fully  cover  descriptions  of 
the  various  types  of  loops,  loop  connections,  and  associated  ap- 
paratus that  have  been  developed  for  special  uses.  Suffice  it  to 
say  that  continuous  experimental  effort  has  been  carried  on  for 
more  than  a  year  following  and  paralleling  the  theoretical  deduc- 
tions and  not  only  has  the  theory  been  substantiated  in  every  re- 
spect but  several  important  applications  suggested  by  the  theory 
have  been  reduced  to  practice  in  a  very  gratifying  way.  The  pres- 
ent section  is  divided  into  three  parts : 

1.  Examples  and  method  of  checking  design  data  of  Part  I. 

2.  Experimental   verification   of   Directional   Characteristics 
and  improvement  of  same. 

3.  Special  developments  and  uses. 
Vol.  188,  No.  1125 — 26 
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I. 

METHODS   USED   IN    VERIFYING   DESIGN    DATA   OF   PART    I. 

In  order  to  check  the  results  of  Part  I,  giving  data  on  the 
design  of  loops  from  the  standpoint  of  high  receiving  efficiency, 
a  number  of  measurements  were  made  of  received  signal  strength 
in  actual  undamped  wave  transmissions.  For  this  purpose  a 
vacuum  tube  transmitter  with  antenna  was  set  up  1/5  mile  dis- 
tant from  the  loop  receiver  to  be  tested  and  the  signal  at  the 
receiving  end  measured  on  various  loops  at  different  wave- 
lengths by  the  shunted  telephone  method.  The  current  in  the 
transmitting  antenna  was  adjusted  to  the  same  value  at  all  wave- 
lengths by  means  of  a  variable  resistance  placed  in  the  antenna 
circuit. 


LOOP 


-vAVXAJ 


The  arrangement  of  receiving 'apparatus  in  most  ul  the  ex- 
periments was  that  shown  in  Fig.  56.  An  ordinary  non-oscil- 
lating detector  tube  with  a  multistage  amplifier  is  connected  to 
the  tuned  loop  circuit  in  the  usual  way  across  the  variable  con- 
denser. In  order  to  get  audible  response  from  the  incoming  un- 
damped oscillations  the  modulator  M  is  connected  across  tho  main 
tuning  condenser.  This  modulator  consists  of  a  set  of  stationary 
sectored  metal  di.scs  and  insulated  therefrom  another  set  of  sim- 
ilarly sectored  movable  discs  fastened  to  the  shaft  of  a  small 
electric  motor.     The  device  thus  constitutes  a  condenser  whose 
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capacity  varies  continuously  from  its  minimum  through  its  maxi- 
mum vahies  as  the  motor  rotates.  The  number  of  sectors  and 
the  speed  of  rotation  is  so  chosen  that  the  variation  of  capacity 
through  the  extreme  values  occurs  at  an  audible  rate  of,  say,  300 
or  400' times  a  second.  The  tuning  condenser  is  adjusted  some- 
where near  to  the  value  of  capacity  required  to  tune  to  the  in- 
coming signals;  then  as  the  modulating  condenser  revolves  the 
system  is  alternately  brought  into  and  out  of  tune  at  an  audible 
rate  by  it  and  the  gushes  of  energy  fed  to  the  detector  each  time 
resonance  is  reached  cause  a  signal  in  the  telephones  of  corre- 
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sponding  pitch.  A  photograph  of  the  modulator  built  for  this 
purpose  is  shown  in  Fig.  57.  With  this  method  the  strength  of 
signal  depends  only  on  the  amplitude  of  the  signal  oscillation,  a 
condition  which  is  not  true  when  reception  is  carried  on  by  the 
heterodyne  or  endodyne  methods. 

Two  of  the  curves  obtained  on  6  ft.  square  10  and  20  turn 
loops  are  shown  in  Fig.  58.  Audibilities  are  plotted  against  wave- 
length. Referring  to  Fig.  28  of  Part  1.,  where  the  derived  char- 
acteristics for  these  loops  are  shown,  it  is  seen  that  the  present 
curves  check  those  obtained  by  calculation  very  well,  and  since 
th's  asreement  has  been  found  to  exist  for  a  number  of  cases 
investigate''  in  the  same  way  it  must  be  concluded  that  the  design 
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data  of  Part  I.  are  satisfactorily  representative  of  the  perform- 
ance of  the  loops  which  it  is  intended  to  cover. 

A  word  should  be  said  further  with  regard  to  reception  on 
the  heterodyne  or  endodyne  principles.  In  the  former  case  where 
a  separate  local  oscillator  is  used  at  the  receiver  to  produce  beats 
with  the  incoming  signal  oscillation  the  functioning  of  the  appa- 
ratus does  not  involve  any  essentially  different  points  other  than 
those  already  considered.  The  larger  the  voltage  impressed  on 
the  detector  by  the  incoming  oscillation  the  stronger  will  be  the 
signal,  other  adjustments  of  local  oscillation  being  properly 
made  in  every  case.  In  the  case  of  endodyne  reception  where  the 
receiving  circuits  are  themselves  oscillating,  conditions  are  ordi- 

FlG.  58. 
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narily  somewhat  different.  The  impedance  of  the  receiving  cir- 
cuit to  the  locally  produced  o.scillation  is  zero  and  is  equal  to  the 
resistance  of  the  circuit  for  incoming  oscillations  having  the  same 
frequency  as  those  produced  locally.  It  is  necessary,  however, 
in  order  to  secure  audible  beats,  to  adjust  the  local  frequency  to 
a  different  value  than  that  being  received  so  that  the  impedance 
presented  to  the  latter  is  not  equal  to  the  resistance  of  the  circuit 
but  has  a  higher  value  depending  upon  the  amount  of  detuning. 
The  percentage  detuning  obviously  varies  with  the  wave-length 
and  with  the  note  it  is  desired  to  produce  in  the  telephones,  so  that 
the  energy  collected  does  not  ordinarily  follow  exactly  the  same 
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variation  with  wave-length  as  with  the  separate  heterodyne  or 
with  the  non-oscillating  receiver.  At  long  weaves  a  considerable 
loss  in  efficiency  results  from  the  large  amount  of  mistuning 
necessary  to  get  audible  beat  frequencies.  The  overall  efficiency 
also  depends  upon  the  way  in  which  the  receiving  circuit  is  oscil- 
lating, upon  the  ratio  of  the  strength  of  its  oscillations  to  those 
of  the  incoming  wave,  so  that  the  matter  is  very  complex  and,  as 
just  stated,  the  best  signals  for  a  given  loop  may  not  necessarily 
•come  exactly  at  the  wave-lengths  indicated  in  the  charts ;  but  their 
location  depends  a  good  deal  on  the  particular  adjustment  used. 

To  illustrate  the  characteristic  reception  obtained  by  the  endo- 
■dyne  method  several  curves  were  taken  on  different  loops  using 

Fig.  59. 


the  receiver  shown  in  Fig.  59.  One  of  these  cuves  is  shown  in 
Fig.  60  for  the  6  ft.  20  turn  loop  mentioned  above.  The  beat 
pitch  was  held  constant  for  all  wave-lengths  and  was  rather  high 
(about  800  cycles  per  second)  corresponding  closely  to  the  natural 
vibration  rate  of  the  telephone  receiver  diaphragms.  Condenser 
Cu  was  kept  fixed  and  the  adjustments  were  made  each  time  with 
the  tuning  condenser  Cj  and  the  grid  condenser  C^.  The  curve 
show^s  that  the  best  reception  for  the  loop,  under  the  conditions  of 
the  test,  comes  at  about  1200  metres  instead  of  1300  metres  as  in 
the  case  of  non-oscillating  reception,  and  that  the  shape  of  the 
curve  is  different.  The  latter  circumstance,  and  in  particular  the 
rapid  falling  off  for  wave-lengths  longer  than  the  optimum  value, 
is  due  in  large  part  to  the  mistuning  required  to  produce  the 
beat  note. 
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It  is  possible  to  considerably  increase  the  efficiency  of  this  type 
of  receiver  and  to  more  nearly  match  its  performance  with  the 
predicted  curves  by  coupling  the  oscillating  detector  inductively 
with  the  loop  circuit  so  that  the  entire  system  has  two  free  elec- 
trical periodicities  separated  by  an  amount  corresponding  to  the 
desired  beat  frequency.  One  of  these  periodicities  can  be  made 
equal  to  that  of  the  incoming  oscillations,  while  the  other  corre- 
sponds to  the  local  beating  frequency.    In  this  way  the  impedance 
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of  the  circuit  to  the  incoming  oscillation  is  ecpial  to  its  resistance 
and  the  voltage  produced  at  the  detector  by  this  oscillation,  there- 
fore, follows  such  variations  as  have  already  been  delineated  for 
the  non-oscillating  or  separate  heterodyne  cases.  A  third  tuned 
circuit  coupled  to  the  ordinary  loop  receiving  circuit  may  be  used 
for  the  same  purpose  and  with  similar  results.'*' 

'"No  correction  was  made  in  ah  )vo  experiments  for  chan^'c  in  radiation 
resi.stance  at  transmitting  antenna  with  wave-lcnj;ths.  Tlie  antenna  was 
very  low,  however,  and  radiation  resistan.e  tlierefore  practically  constant 
for  the  wave-lengtlis. 


Sept..  1919I   Radio  Direction  Fixdixg  Apparatus.  351 

II. 

EXPERIMENTAL    CHECKING   OF   DIRECTIONAL    CHARACTERISTICS 
AND    IMPROVEMENT   OF    SAME. 

Several  methods  have  been  used  for  investigating  experimen- 
tally the  directional  characteristics  of  loop  antennas.     One  of 
these  which  has  given  dependable  results  is  the  following:    A  10 
watt  vacuum  tube  transmitter  is  connected  to  a  small  antenna  of 
any  of  the  orthodox  types  and  furnishes  a  source  of  electromag- 
netic waves.     In  some  of  the  tests  which  are  a;bout  to  be  de- 
scribed a  current  of   i.o  amp.   was  obtained  in  a  single  wire 
inverted  "  L  "  antenna  20  ft.  high  by   100  ft.  long.    The  loop 
whose  directional  qualities  were  to  be  studied  was  set  up,  in  this 
case.  1.6  miles  distant.     It  was  connected  to  a  tuning  condenser 
and  oscillating  vacuum  tube  detector,  and  the  response  of  the 
latter  was  then  amplified  by  four  stages  of  audio  frequency  am- 
plification.   The  output  of  the  last  tube  of  the  amplifier  was  used 
to  actuate  a  thermoelement  connected  to  a  galvanometer.     Thus, 
the  energy  picked  up  by  the  loop,  as  it  was  rotated  through  differ- 
ent azimuthal  angles,  could  be  recorded  by  visual  indications  and 
with  a  very  little  practice  extremely  accurate  polar  curve  char- 
acteristics could  be  obtained.     In  the  actual  set-up  the  thermo- 
element was  one  having  197  ohms  heater  resistance,  and  12  ohms 
couple  resistance,  and  operating  in  a  vacuum.     It  was  fed  from 
the  low  side  of  a  30,000  ohm  to  200  ohm  step  down  repeater  coil. 
This  repeater  coil  with  the  particular  values  of  impedance  stated 
was  used  in  order  to  match  the  amplifier  tube  internal  output 
impedance  on  the  high  side,  and  the  thermo-couple  impedance  on 
the  low  side  and  thus  get  maximum  output.     The  galvanometer 
used  took  the  form  of  a  single  pivot  Paul  micrometer  giving  full 
scale  deflection  for  360  micro-amps.     Considerable  trouble  was 
at  first  experienced,  due  to  howling  of  the  four  stage  amplifier, 
but  this  was  finally  overcome  by  careful  wiring  and  proper  dis- 
position of  the  apparatus.     A  large  number  of  polar  curve  char- 
acteristics has  been  taken,  using  this  set-up,  of  various  loops  under 
nearly  every  conceivable  condition  and  some  of  the  conclusions 
arrived  at  are  summarized  below. 

Of  particular  interest  is  the  study  that  was  made  of  the  pos- 
sibility of  sharpening  the  minimum  and  increasing  the  symmetry 
of  the  characteristic  by  using  overhead  electrostatic  shields  a'; 
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proposed  in  the  theoretical  discussion  of  Part  II  above.  Twenty- 
seven  different  curves  were  taken  in  this  investigation,  covering 
different  designs  of  shields  and  arranged  differently  with  respect 
to  their  di.stance  from  the  loop.^'^  A  few  of  these  curves  are  re- 
produced herewith  to  indicate  the  actual  practical  improvement 
obtainable  in  the  loop  direction  finder  through  the  use  of  cor- 
rectly arranged  shield  superstructure.     In  Fig.  6i  are  shown  the 

Fig.  6i. 


characteristics  of  a  5  ft.  square  solenoid  type  loop  having  6  turns 
of  No.  18  wire  spaced  ^"  apart,  both  with  and  without  a  shield. 
The  shield  in  this  case  tookthe  form  of|a  5  ft. flat  pancake  wound 
loop,  3"  between  turns,  mounted  on  top  of  the  vertical  receiving 
loop  with  one  of  its  diagonals  coincident  with  the  top  of  the  verti- 
cal loop  and  its  plane  parallel  to  the  earth.  The  shield  was,  of 
course,  grounded.  It  is  seen  that  a  much  sharper  minimum  is 
obtained  with  the  shield  than  without  it.'' 

"  The  data  of  these  tests  were  taken  by  2nd  Lieutenant  Leon  T.  Wilson, 
Signal  Corps. 

"It  should  be  noted  that  ail  of  these  curves  would  he  elongated  along 
the  major  axis  were  it  not  that  strong  signals  arc  not  amplified  as  nnich 
as  weak  ones  in  the  apparatus  used  due  to  the  curvature  of  the  amijlifier 
characteristic. 
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The  curves  of  Fig.  62  were  taken  on  the  same  5  ft.  6  turn  loop 
with  two  other  type  shields.  These  shields  consisted  of  a  harp 
of  24  No.  16  parallel  wires  5)4  ft.  long  spaced  ■>4"  apart  and  held 
in  horizontal  plane  }i''  above  the  loop.  The  odd  numbered  wires 
were  all  joined  together  at  their  middle  and  the  even  numbered 
wires  were  similarly  connected.  When  all  of  the  wires  were  used 
this  shield  was  called  No.  4,  and  when  half  the  wires  were  used  it 
was  called  No.  4-A.  The  loop  was  set  up  on  a  farm  near  Lincroft, 
New  Jersey.    The  complete  curves  were  taken  on  different  days. 


Fig.  6j 


The  curv^e  for  shield  No.  4  was  taken  with  650  metres  and  No.  4-A 
with  710  metres  wave-length.  The  small  No.  4  curve  and  the 
No.  4-A  curve  were  taken  on  the  same  morning  and  are  com- 
parable. It  is  seen  from  the  curves  that  shield  No.  4  has  slightly 
better  shielding  qualities  than  shield  No.  4-A,  and  that  the  minima 
are  practically  180°  apart.  The  minima  checked  with  the  actual 
direction  of  the  station,  being  exactly  at  right  angles  thereto. 
The  curves  show  a  difference  in  the  sharpness  of  the  minima 
obtained  with  shield  No.  4  on  the  two  days.  This  is  probably  due 
to  the  different  wave-lengths  used  and  different  weather  condi- 
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tions,  both  of  which  factors  influence  the  magnitude  of  the  an- 
tenna effect. 

Still  two  other  shields  were  used,  which  were  built  exactly 
like  No.  4  and  No.  4-A,  except  that  there  w^as  a  total  of  thirty-five 
6  foot  long  wires  spaced  i"  apart.  The  shields  were  designated 
No.  5  and  No.  5-A  for  the  i"  and  2"  spacing,  respectively,  which 
was  provided  in  the  same  way  as  on  shields  No.  4  and  No.  4-A. 
The  curves  for  these  two  shields  are  shown  in  Fig.  63.  They 
show  that  little  is  to  be  gained  l)y  using  the  one  inch  spacing  in- 
stead of  the  two  inch  spacing,  a  result  which  checks  the  per- 
formance of  shields  No.  4  and  No.  4-A. 

Fig.  63. 
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Figs.  64  and  65  give  an>  idea  of  the  undesiral)le  effect  on  the 
minima  caused  by  extra  capacity  to  ground  furnished  by  the 
operators  wearing  the  head  telephones. 

Fig.  66  shows  the  curves  obtained  with  dilTcrent  distances 
between  the  loop  and  shield.  The  l)est  distance  for  shield  No.  5 
appears  to  be  about  •)4"- 

Fig.  67  shows  a  curve  taken  very  near  to  and  partly  under  a 
tree.  The  minima  are  broadened  somewhat  and  there  is  a  slight 
distortion. 
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Fig.  64. 
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Fig.  65. 
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Fig.  67. 
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Fig.  68  is  a  partial  record  of  the  effect  of  changing  the  dis- 
tance of  the  loop  above  the  eartJi.  It  is  seen  that  even  the  rela- 
tively small  change  from  a  height  of  18''  to  one  of  28"  causes 
noticeable  improvement  in  symmetry  and  sharpness  of  minima. 
It  has  been  found  that  still  better  results  may  be  had  at  a  height 
of  4  or  5  ft.,  and  when  the  entire  apparatus  was  placed  in  a 
wooden  barn  20  ft.  from  the  ground  extremely  accurate  settings 
could  be  made. 


Fig.  68. 
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The  general  conclusions  that  were  derived  from  all  of  these 
experiments  with  particular  reference  to  the  various  factors  af- 
fecting the  accuracy  (that  is,  the  sharpness  and  position  of  the 
minima)  of  the  direction  finder  are  as  follows: 

(a)  Sharpness  and  Symmetry  of  Minima. — With  a  single 
simple  loop  the  minima  are  sometimes  sharp  and  sometimes  very 
broad  and  are  not  generally  equal  nor  i8o°  apart. 

(b)  Effect  of  Electrostatic  Shield. — The  use  of  an  electro- 
static shield  above  the  loop  is  in  general  very  advantageous  in 
improving  the  sharpness  and  symmetry  of  the  minima.  It  does 
not  noticeably  reduce  the  strength  of  received  signal. 
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(c)  Pancake  vs.  Solenoid  Loops. — The  minima  of  the  pan- 
cake type  loop  are  generally  broader  than  those  of  the  solenoid 
type.  There  is  a  greater  difference  in  the  amplitudes  of  the  two 
oppositely  directly  maxima  for  the  pancake  than  for  the  solenoid. 

(d)  Grounding  Any  Part  of  the  Receiving  Apparatus. — 
Either  grounding  parts  of  the  receiving  apparatus  (for  example, 
grounding  the  filament  battery  of  an  amplifier  to  prevent  its 
"  howling  ")  or  placing  parts  of  the  apparatus  close  to  the  earth 
broadens  the  minima  and  therefore  decreases  the  accuracy  of  the 
loop  (partial  grounding  of  the  set  through  the  telephone  receivers 
on  the  operator's  head  has  a  small  though  noticeable  effect).  The 
grounded  shield  was  found  to  partially  correct  this  loss  in  ac- 
curacy but  not  completely.  Therefore,  the  receiving  apparatus 
and  batteries  should  be  kept  at  least  2  or  3  feet  off  the  ground. 

(e)  Proximity  of  Loop  to  Earth. — The  proximity  of  the  loop 
to  the  earth  produces  a  broadening  and  a  slight  distortion  of  the 
minima  when  the  shield  is  used.  To  obtain  good  results  the 
lower  edge  of  the  loop  should  be  at  least  4  feet  off  the  ground. 

(/)  Effect  of  Nearby  Metal  Objects. — A  Ford  truck  was 
placed  very  close  to  the  loop  (with  a  shield)  and  was  found  to 
have  negligible  effect,  even  with  the  frame  of  the  truck  grounded. 
On  the  other  hand,  the  loop  and  shield  when  used  in  a  building 
with  numerous  radiators  of  a  heating  syst(>m  in  it.  ^ave  minima 
which  were  about  4°  off  from  being  180"  apart.  The  loop 
should,  therefore,  not  be  set  up  near  extended  masses  of  metal 
or  near  wires. 

(g)  Effect  of  Trees. — Scattered  trees  30  or  .4.0  feet  from 
the  loop  have  negligible  effect  on  the  direction  finder.  A  tree  which 
is  but  a  few  feet  away  causes  a  slight  distortion  of  the  minima. 
Many  large  trees  30  or  40  feet  from  the  loop  and  between  ihe 
loop  and  the  transmitting  station  appreciably  reduce  the  strength 
of  signal. 

(h)  Effect  of  Atmospherics. — Certain  kinds  of  atmos])herics 
are  considerably  reduced  by  the  grounded  shield. 

(i)  Polarity  of  Loop. — Under  ordinary  conditions  the  solen- 
oidal  loop  with  or  without  the  shield  gives  one  minimum  sharper 
than  the  other.  Reversing  the  leads  from  the  loop  to  the  receiv- 
ing set  reverses  the  sharp  minimum. 

(;■)  The  Distance  of  the  .Shield  Above  the  Loop. — The  best 
distance  of  the  shield  above  the  loop  was  found  to  be  about  -j^" 
to  l^"  for  the  apparatus  of  ordinru-y  dimensions. 
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{k)  i'sc  of  Shield  IVIicn  the  Complete  Direction  Finding 
Af^f'amtus  is  High  Off  the  Ground. — Although  the  shield  is  very 
effective  in  shaqjening  the  miiiinuim  when  the  loop  is  3  or  4 
feet  off  the  ground,  and  the  receiving  apparatus  2  or  3  feet  off 
the  ground,  it  loses  its  value  when  all  the  apparatus  is  15  or  20 
feet  from  the  ground.  Under  these  conditions  the  loop  has  good 
directional  qualities  without  a  shield. 

Ilf:  , 

PRACTICAL  D^VELOi  MENTS  AND  USES. 

While  it  is  not  essentia. ly  the  purpose  of  this  report  to  de- 
scribe in  detail  the  several  practical  developments  of  radio  direc- 
tion finding  apparatus  that  have  been  made  nor  its  uses,  it  is,  never- 
theless, interesting,  in  connection  with  the  work  described  above,, 
to  mention  certain  special  applications  that  have  been  made  of  the 
principles  involved  which  are  believed  to  be  novel. 

One  of  these  is  the  construction  and  use  of  a  single  loop  for 
finding  absolute  direction,  a  result  obtained  by  properly  augment- 
ing the  antenna  effect  and  the  phase  of  same  so  as  to  produce 
distortion  in  the  polar  curve  characteristic  with  unequal  maxima 
and  minima.  A  photograph  of  a  portable  field  apparatus  which 
accomplishes  this  in  a  satisfactory  way  while  retaining  sufficiently 
sharp  minima  for  accuracy  in  directional  settings  is  shown  in 
Fig.  69.  Absolute  direction  or  sense  is  obtained  by  a  rough  set- 
ting of  the  loop  in  a  position  for  maximum  signal  strength  and 
then  either  rotating  the  loop  through  180°  or  reversing  the  leads 
to  the  detector.  The  directional  sense  of  the  sending  station  is 
then  determined  by  noting  whether  the  first  or  the  second  ar- 
rangement gives  the  louder  signals.  The  exact  line  is  fixed,  as 
usual,  by  right  angle  settings. 

A  second  novel  method  of  using  the  loop  followed  the  dis- 
covery that  at  certain  heights,  different  from  a  certain  value, 
above  ground  a  loop  placed  w^ith  its  plane  horizontal,  that  is  paral- 
lel to  the  earth,  acted  as  a  very  good  receiver  and  was  practically 
non-directional.  Such  an  arrangement  is  useful  for  many  pur- 
poses, such,  for  example,  as  intercept  w^ork. 

.\  combination  of  vertical  loop,  giving  the  two-leaved  char- 
acteristic, with  a  horizontal  loop,  giving  a  circular  characteristic, 
may  be  used  to  got  absolute  direction,  and  by  suitable  switching 
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arrangements  the  horizontal  loop  may  be  used  alternately  as 
a  shield  for  improving  the  sharpness  of  minimum  and  for  giving 
antenna  effect,  as  just  described,  and  getting  absolute  direction. 

Fig.  69. 


A  model  has  been  standardized  by  the  Signal  Corps  using  a 
carefully  designed  solenoidal  type  loop  with  an  electrostatic  shield 
for  very  accurate  direction  finding  work. 

It  was  found  (December,  1917)  that  when  the  plane  of  a 
loop  of  certain  design  was  placed  at  a  certain  angle  with  the  earth 
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aiul  at  a  certain  heii;ht  no  radio  sig,"nals  could  be  received  from 
certain  directions.  While  the  uses  to  which  this  important  dis- 
covery have  been  put  cannot  be  disclosed  at  the  present  time,  it 
may  be  stated  that  they  are  concerned  with  a  very  grqat  improve- 
ment in  the  reliability  of  radio  comnumication.  Other  arrange- 
ments of  specially  constructed  loops  and  associated  apparatus 
have  also  been  developed  and  are  being"  improved  with  the  same 
end  in  view. 

In  concluding  this  paper,  it  should  be  stated  that  a  great  deal 
of  the  work  that  has  been  done  on  the  loop  direction  finder  itself 
has  been  paralleled  by  investigations  and  development  of  multi- 
stage amplifiers,  necessity  for  the  use  of  which  has  been  pointed 
out  above.  A  seven  tube  am])lifier  comprising  three  stages  of 
radio  frecjuency  amplification,  a  detector  tube,  and  then  three  stages 
of  audio  frequency  amplification,  has  been  developed  and  standard- 
ized by  the  Signal  Corps  for  direction  finding  work.  This  instru- 
ment is  more  sensitive,  has  fewer  adjustments,  is  less  noisy, 
lighter  and  more  compact,  and  altogether  a  more  generally  satis- 
factory instrument  in  operation  than  any  similar  apparatus  hav- 
ing the  same  order  of  amplification  that  has  been  developed  by 
either  the  British,  the  French,  or  the  Germans.  The  total  overall 
power  amplification  obtained  on  w-eak  signals  is  of  the  order  of 
10^^  times.  A  novel  feature  of  the  amplifier  is  the  use  of  iron  in 
the  radio  frequency  transformers  which  couple  the  radio  stages. 
Incident  to  the  development  of  this  and  similar  amplifiers  a  very 
thorough  study  was  made  of  the  characteristics  of  iron  at  radio 
frequencies,  and  data  were  collected  giving  the  permeability  and 
losses  in  steel  that  was  found  suitable  for  use  in  these  trans- 
formers. The  iron  that  has  been  used  in  this  work  is  0.0015"  thick, 
lacquered  with  a  special  enamel  to  the  thickness  of  0.002".  It  is 
a  low  carbon  steel  containing  no  appreciable  amount  of  silicon. 

Using  the  seven  stage  amplifier  just  mentioned  and  a  loop 
small  enough  to  be  easily  accommodated  in  an  ordinary  size  room, 
it  has  been  possible  to  receive  signals  from  all  of  the  high  pow-er 
European  stations. 

The  loop  has  been  used  for  direction  finding  on  both  damped 
and  undamped  waves.  In  the  latter  case,  as  has  been  described 
above,  either  a  separate  local  heterodyne  may  be  used  at  the  re- 
ceiver, or  the  receiving  circuits  themselves  can  be  made  to  oscil- 
late.   Using  a  separate  heterodyne,  care  must  be  taken  to  prevent 
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any  direct  action  of  the  local  oscillation  on  the  loop  circuit  itself, 
because  in  such  cases  the  directional  setting  will  be  incorrect. 
This  is  because  the  signal  produced  is  due  to  the  combination  of 
the  signal  wave  and  the  heterodyne  wave,  and  almost  any  set- 
ting can  be  obtained,  depending  upon  the  amplitude  of  the  local 
wave  and  upon  the  direction  from  which  it  intercepts  the  loop. 
When  using  a  separate  heterodyne,  the  local  oscillation  must  be 
introduced  into  the  circuits  through  a  small  localized  coupling 
with  no  leakage  of  the  loop  system. 

Finally,  adaptation  of  the  loop  receiver  has  been  made  to  the 
airplane  in  another  special  form  of  apparatus  for  direction  finding 
and  the  same  principles  and  data  given  above  have  been  applied 
in  the  design  of  the  loops  for  this  purpose. 


Corrosion  in  Lenses.  (The  British  Journal  of  Photography^ 
vol.  Ixvi,  No.  3088.  p.  389,  July  11,  1919.) — If  lens  users  would 
acquire  a  little  elementary  knowledge  concerning  the  nature  and 
properties  of  glass,  their  instruments  would  stand  a  much  better 
chance  of  keeping  in  good  condition  than  they  do  at  present.  It 
should  be  known  that  what  we  call  "  optical  "  glass  is  made  in  a 
great  variety  of  qualities,  each  of  which  is  capable  of  taking  its 
place  in  one  or  other  of  the  many  kinds  of  lenses.  Some  are  as 
hard  and  impermeable  as  the  glass  we  use  for  windows  and  table- 
ware, while  others  are  soft  enough  to  be  easily  scratched  or  even 
dented,  while  injudicious  polishing  will  quickly  dim  the  exquisite 
surface  upon  the  perfection  of  which  so  much  depends.  This  is 
especially  the  case  in  some  of  the  earlier  anastigmats  in  which  very 
soft  and  easily  corroded  glasses  were  used  because  others  were  not 
axailable.  It  is  perhaps  news  to  many  people  to  learn  that  some 
glasses  are  so  susceptible  to  damp  that  a  single  drop  of  water  left 
ui)on  the  surface  for  a  few  hours  will  leave  an  ineradicable  mark, 
wliile  the  presence  of  a  fihn  of  condensed  moisture  will  give  rise  to  a 
general  corrosion,  which  in  mild  cases  shows  in  prismatic  colors  like 
those  of  a  soap-bubble,  and  in  severe  ones  as  a  yellow  stain  accom- 
panied by  a  distinct  depolishing  of  the  surface.  Unfortunately, 
there  is  no  cure  for  this  evil,  for  even  the  maker  of  the  lens  can- 
not re])olish  it  to  the  same  accuracy  of  figure  that  it  originally  pos- 
sessed. I'^orewarned  is  forearmed,  and  knowing  what  is  likely  to 
occur  the  prudent  man  does  not  allow  his  lenses  to  stand  about  ex- 
posed to  the  atmosphere,  but  keeps  them  in  tightly-closed  cases 
when  they  are  not  actually  in  use.  Failing  a  case,  which  also  pro- 
tects the  bra.sswork,  a  well-fitting  cap  at  the  back  as  well  as  the 
front  is  an  excellent  protection. 
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THE  LOW  VISIBILITY  PHASE  OF  PROTECTIVE 
COLORATION.- 

BY 

LOYD  A.  JONES. 

Physicist,  Research  Laboratory,  Eastman  Kodak  Company. 

A  CAREFUL  analysis  of  protective  coloration  as  a  means  of 
defense  against  attack  by  submarines  leads  to  the  conclusion  that 
the  subject  may,  from  the  standpoint  of  fundamental  method,  be 
divided  into  two  quite  distinct  and  different  parts.  The  object  to 
be  accomplished  is  the  same  in  b<:»th  cases,  tlhat  is,  to  prevent  the 
destruction  by  submarine  attack  of  the  protectively  colored  craft. 
This  object  may  be  attained  by  either  of  the  two  general  methods. 
The  first,  which  will  be  called  "  low  visibility  "  coloration,  in- 
volves the  application  of  paint  (together  with  certain  structural 
modifications  that  may  be  necessary),  in  such  a  way  that  the  craft 
treated  so  nearly  matches  the  background  against  which  it  must 
be  viewed  as  to  be  invisible  or  less  visible  to  an  observer  on  the 
submarine.  The  second,  which  will  be  called  "  deceptive  "  color- 
ation, involves  the  application  of  paint  or  the  modification  of 
structural  details,  or  lx)th,  in  such  a  way  as  to  deceive  the  sub- 
marine's obser\'er  in  his  estimate  of  the  nature  of  the  craft,  her 
range,  course  or  speed,  thus  preventing  the  submarine  from  ever 
reaching  an  advantageous  firing  position,  or,  in  case  it  is  reached. 
to  so  confuse  the  submarine's  commander  in  his  calculations  that 
the  torpedo  will  not  be  discharged  in  such  a  direction  as  to  secure 
an  effective  hit.  This  latter  method  aims  not  at  preventing 
an  attack  from  'being  made,  but  at  preventing  the  attack  froui 
being  successful. 

It  is  quite  evident  that  the  first  method  will  be  most  effective 
when  the  distance  between  the  submarine  and  the  protectively  col- 
ored craft  is  relatively  great,  let  us  say,  in  excess  of  5000  yards. 
Likewise,  it  is  reasonable  to  conclude  that  the  second  method  will 
he  found  most  effective  at  relatively  close  range,  under  5000 
yards.  This  conclusion  follows  from  consideration  of  the  fact  that 
"  deceptive  ''  coloration  depends  for  the  efficiency  of  its  operation 

*  Communicated  by  Dr.  C.  E.  K.  Mees.  Communication  No.  80  from  the 
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upon  the  visibility  of  the  shape  and  color  of  various  contrasting 
areas  produced  by  the  application  of  paint  alone  or  in  conjunction 
with  certain  modifications  of  structural  details.  Since  "  low  visi- 
bility "  coloration  and  "  deceptive  "  coloration  differ  in  the  means 
employed  for  the  accomplishment  of  the  desired  result,  it  will  be 
necessary  to  treat  each  separately. 

When  the  work  on  this  subject  was  taken  up  a  survey  of  the 
field  showed  that  at  that  time  no  method  for  the  numerical  speci- 
fication of  visibility,  or  instrument  for  its  quantitative  measure- 
ment, was  available.  The  first  step,  therefore,  was  the  working 
out,  from  the  theoretical  standpoint,  of  the  fundamental  laws 
upon  which  the  quantitative  evaluation  of  visibility  could  be 
based.  Following  this  an  instrument,  operating  upon  the  proper 
principle  as  indicated  by  the  theoretical  equations,  and  suitable 
either  for  the  measurement  of  visibility  values  of  small  models 
under  known  conditions  of  illumination  and  background  or  of 
actual  boats  at  sea,  was  designed  and  built.  This  having  been 
accomplished,  it  remained  to  apply  the  method  and  instrument 
to  the  determination  of  the  best  color  for  low  visibility  under 
any  specified  weather  condition. 

In  this  paper  it  is  proposed  to  present  some  of  the  data  result- 
ing from  the  application  of  the  method  and  instrument  to  the 
measurement  of  visibility.  Since  the  theory  of  visibility  and 
of  the  instrument  constructed  for  its  measurement  have  been 
treated  in  detail  in  a  previous  paper, ^  those  phases  of  the  subject 
will  1>e  only  briefly  considered  at  this  time,  thus  permitting  the 
placing  of  greater  emphasis  upon  the  practical  results  obtained. 
It  will  be  necessary,  however,  in  order  to  understand  the  data 
and  their  interpretation,  to  consider  briefly  the  fundamental  laws 
governing  the  visibility  of  objects  and  the  method  a(l()])te(l  for 
the  numerical  specification  of  its  value. 

In  gieneral,  it  may  be  said  that  non-luminous  objects  arc  visible 
by  virtue  of  the  light  reflected  from  them.  However,  any  par- 
ticular ol)ject  in  the  field  of  vision  becomes  visible  as  such  only 
by  contrast  with  its  surroundings — that  is.  when  the  light  emanat- 
ing from  that  object  (either  by  reflection  or  emission)  dift"ers  in 
some  respect  from  the  light  flux  which  enters  the  eye  from  the 
projected  s])ace  immediately  surrounding  that  object.  The  sen- 
sation caused  by  the  incidence  of  radiant  energy,  which  we  call 
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light,  upon  the  retina  of  the  eye  may  be  said  to  consist  of  two 
factors.  brii;htness  and  color,  the  former  being  dependent  upon 
the  intensity  and  the  latter  upon  the  quality  of  the  incident  radia- 
tion. This  second  factor  of  the  sensation  may  also  be  said  to 
consist  of  two  parts,  hue  and  purity  or  saturation.  Hue  refers 
to  the  position,  in  the  spectrum,  of  the  dominant  wave  length,  and 
saturation  expresses  the  proximity  of  the  color  to  monochro- 
matism.  It  is  evident,  therefore,  that  a  sensation  due  to  the 
impingement  of  radiant  energy  upon  the  retina  may  vary  in  three 
respects,  that  is,  with  respect  to  brightness,  hue,  and  saturation. 
A  contrast  in  the  visual  field  resulting  in  the  visibility  of  an  object 
may  be  due.  therefore,  to  brightness  contrast,  to  hue  contrast,  or 
to  saturation  contrast;  or  to  a  combination  of  any  two  or  of  all 
three  of  these  factors. 

NOMENCLATURE    AND    DEFINITIONS. 

The  intensity  factor  of  the  sensation  resulting  from  the  inci- 
dence of  radiant  energy  upon  the  retina  is  expressed  in  terms  of 
brightness.  The  brightness,  B,  of  an  element  of  luminous  sur- 
face from  any  point  of  view  may  be  expressed  in  terms  of  the 
luminous  intensity  per  unit  area  of  that  surface  projected  on  a 
plane  perpendicular  to  the  line  of  sight.  When  expressed  in  this 
manner  it  is  measured  in  candles  per  unit  area  of  the  projected 
area.  Brightness  may  be  expressed  also,  and  perhaps  more  logi- 
cally, in  terms  of  the  specific  luminous  radiation  of  an  ideal  per- 
fectly diffusing  surface,  that  is,  a  surface  obeying  Lambert's  law. 
The  brightness  unit  in  this  case  is  the  Lambert  which  is  defined 
as  equal  to  the  brightness  of  an  ideal  surface  radiating  or  reflect- 
ing one  lumen  per  square  centimetre.  In  practice,  this  unit  is  too 
large  for  convenience  and  hence  the  millilambert  of  .ooilambert 
is  used.  An  ideal,  perfectly  diffusing  surface  emitting  one  lumen 
per  square  foot  will  have  a  brightness  of  1.076  millilamberts. 
^leasurements  of  brightness  are  made  by  means  of  a  suitable  form 
of  photometre  calibrated  to  read  directly  in  the  desired  brightness 
units.  The  brightness  of  a  surface  depends  upon  two  factors,  the 
illumination  of  that  surface  and  its  reflecting  power. 

The  illumination,  E.  of  a  surface  at  any  point  is  the  luminous 
flux  density  on  the  surface  at  that  point,  or  the  flux  per  unit  of 
intercepting  area.  "  Luminous  flux,"  F ,  is  the  rate  of  flow  of 
radiant  energy  evaluated  with  reference  to  the  visual  sensation. 
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and  is  expressed  in  lumens,  the  lumen  being  defined  as  equal  to 
the  flux  emitted  in  a  unit  solid  angle  (steradian)  by  a  point  source 
of  unit  candle  power.  The  c.  g.  s.  unit  of  illumination  is  the  phot, 
which  is  defined  as  one  lumen  per  square  centimetre.  The  prac- 
tical unit  in  most  common  use,  however,  is  the  foot  candle  which 
is  defined  as  one  lumen  per  square  foot,  and  which  is  equal  to 
1/076  milliphots.     For  a  uniformly  illuminated  surface, 

£  =  —    S  beiny  the  area. 

Illumination  is  measured  by  a  special  type  of  photometer,  usually 
referred  to  as  a  lumeter  or  illummometer,  this  being  calibrated 
to  read  directly  in  some  suitable  illumination  units. 

The  coefficient  of  reflection  or  total  reflecting  power  of  a  sur- 
face is  defined  as  the  ratio  of  the  total  reflected  luminous  flux  to 
the  total  incident  luminous  flux.  In  most  practical  work  this 
value  is  not  of  great  importance,  the  value  desired  being  that  of 
the  reflecting  power  of  the  surface  measured  under  certain  speci- 
fied conditions,  such  as  the  angle  of  incidence  of  the  flux  and  the 
position  fromi  which  the  surface  is  viewed.  The  term  ''  reflection 
factor,"  R,  is  used  to  indicate  this  particular  value  and  is  defined 
as  the  ratio  of  the  reflected  to  the  incident  flux.  Reflection  from 
a  surface  may  be  either  specular,  diffuse,  or  a  mixture  of  the  two. 
In  the  case  of  pure  specular  reflection  all  of  the  incident  flux  is 
reflected  in  such  a  way  that  the  angle  of  reflection  is  equal  to  the 
angle  of  incidence;  while  in  the  case  of  completely  diffuse  reflec- 
tion the  reflected  flux  is  equal  in  all  directions,  regardless  of  the 
angle  of  incidence,  the  distril)uti()n  being  in  accord  with  Lambert's 
•cosine  law.  Very  few  cases  of  ])ure  specular  or  dift'use  reflection 
are  found  in  ])ractice,  there  being  generally  a  superposition  of  the 
two.  The  reflection  factor  is  measured  1)\-  the  use  of  the  rcflec- 
tometer,  a  photometer  (if  sjiecial  design,  care  being  taken  that  con- 
ditions of  illumination  and  angle  of  view  are  such  as  to  give 
correct  values  for  application  in  the  i)articular  case  under  con- 
sideration. This  value  is  purely  numeric  and  is  usually  expressed 
as  a  percentage  value.  If,  with  a  specified  condition  of  illumina- 
tion, the  reflection  factor,  R .  and  the  brightness,  /?,  of  the  surface 
are  measured  from  the  same  position,  then  B-ER.  and  hence 
the  value  of  R  may  be  deternu'ned ;  or  in  any  case  where  two  of 
these  factors  are  known  the  third  can  be  computed. 

The  rjuality  factor  of  the  luminous  flux  is  that  property  which 
(le])ends  upon  the  spectral  distribution  of  that  flux,  color  being 
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dehiied  as  the  subjective  evaluation  as  expressed  in  terms  of  hue 
ajid  purity  or  saturation.  Hue  is  that  property  of  color  which 
depends  upon  the  variation  in  the  sensation  due  to  the  variation 
of  the  wave  length  of  the  luminous  flux,  while  saturation  ex- 
presses the  proximity  of  the  color  to  a  condition  of  monochroma- 
tism.  Monochromatic  spectral  light  has  a  saturation  of  100  per 
cent.,  while  pure  white  light  has  a  saturation  of  zero.  White, 
therefore,  is  a  limiting  color,  having  no  hue  and  zero  saturation. 
In  practice  it  has  been  found  convenient  in  many  cases  to  express 
the  saturation  factor  in  the  inverse  order,  that  is,  as  impurity 
rather  than  purity.  The  term  used  in  such  expression  is  called 
the  "  per  cent,  white,"  for  which  the  symbol  /  is  used.  Thus  a 
color  for  which  /  =  100  per  cent,  is  equivalent  to  zero  saturation, 
and  if  /  =  o  per  cent.,  saturation  is  100  per  cent. 

It  has  been  demonstrated  experimentally  that  any  color  can 
be  matched  by  the  mixture,  in  the  proper  proportions,  of  white 
hght  with  monochromatic  spectral  light  of  the  proper  wave  length. 
In  this  way  a  direct  measurement  of  the  fundamental  sensation 
properties  of  a  color  may  be  made.  The  hue  is  specified  by  the 
wave  length  of  a  monochromatic  light  used  (wave  length  of  the 
dominant  hue).  The  saturation  is  specified  either  as  the  puritv 
fper  cent,  hue)  or  as  the  impurity  (per  cent,  white),  the  former 
A-alue  being  obtained  from  the  ratio  of  the  intensity  of  the  mono- 
chromatic to  the  total  intensity  (monochromatic  plus  white)  of 
the  mixture,  while  the  latter  value  (per  cent,  white)  is  given  bv  the 
ratio  of  the  intensity  of  the  white  to  the  total  intensity  of  the 
mixture.  These  values  are  pure  numerics.  The  usual  unit  used  in 
expressing  the  wave  length  of  lig:ht  is  the  millimicron,  which  is 
equal  to  .0000001  centimetre  and  is  designated  by  the  symbol  /^.m. 

In  the  foregoing  paragraphs  have  been  defined  the  various 
terms  that  will  be  used  in  the  following  discussion  of  the  subject 
of  visibilitv.  These  are  summarized  briefly  in  the  following  tal)le 
for  convenience  of  reference  : 

Symbol.  Quantity.  Unit. 

F Luminous  Flux Lumen 

E Illumination Foot  Candle 

B Brightness Lambert 

R Reflection  Factor Per  cent. 

H Hue Wave  length    [nn) 

S Saturation 

Purity Per  cent.  Hue 

Impurity Per  cent.  White 
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THEORETICAL  ANALYSIS   OF  THE  LOW  VISIBILITY  PROBLEM. 

For  the  purposes  of  the  theoretical  treatment  of  this  problem 
it  will  be  necessary  to  make  certain  simplifying  hypotheses.  Begin 
first  with  the  problem  of  the  determination  of  the  visibility  of  an 
object  uniform  in  color  and  brightness  viewed  against  a  back- 
ground also  of  uniform  color  and  brightness.  In  Fig.  i  this  case 
is  shown  in  perspective,  i  being  the  background,  2  the  object, 
and  A  the  eye  or  viewpoint.  The  visual  field  will  appear  as  shown 
in  the  low'er  left  hand  drawing  of  Fig.  i,  2  representing  the 
object  (rectangle  abed)  and  i,  the  background  (rectangle  cfgh). 


Fig.  I. 


A  diagrammatic  illustration  of  the  relation  of  object  to  background. 

The  terms  used  in  the  discussion  and  the  symbols  employed 
are  as  indicated  previously,  except  that  a  subscript  number  or  let- 
ter attached  to  a  given  symbol  indicates  that  the  term  api)lies  to  the 
object  or  surface  designated  by  that  number  or  letter.  Thus  E^ 
is  the  symlxjl  used  for  the  illuniinalion  on  the  surface  i.  the 
background. 

yXssunie  for  the  moment  liiat  the  object  and  background  are 
illuminated  by  light  of  the  same  (juality  and  also  that  this  ([uality 
be  spec'ified  as  white,  which  is  defined  as  light  from  the  noon  sun 
on  a  clear  day  or  its  spectral  e(|uivak'nt.  Now,  the  xisibility,  / ', 
of  the  object  as  seen  against  this  background  is  dependent  upon 
the  total  contrast  existing  between  the  two.     This  total  contrast 
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is  made  up  of  the  three  factors:  (i)  Brightness  contrast,  C/- ; 
(2)  Hue  contrast,  Ca,  and  (3)  Saturation  contrast,  Cs.  These 
three  factors  of  the  total  contrast  may  l>e  evaUiated  as  follows: 

C,  =  /(5-„6\) 

The  total  visibility  may  then  be  expressed  in  the  general  form, 

V  =  fiC„C„C,). 

The  laws  governing  the  reaction  of  the  retina  to  the  various 
brightness  stimuli  are  so  well  established  that  it  is  comparatively 
easy  to  evaluate  the  term  Cb-f  (B^,  B.,)  directly  in  terms  of  visi- 
bility, to  make  quantitative  measurements  of  visibility  as  such, 
and  to  correlate  such  determinations  made  under  widely  different 
conditions.  Unfortunately,  the  other  terms,  Cn  and  Cs,  cannot 
be  so  readily  evaluated.  This  is  due  to  the  lack  of  knowledge  con- 
cerning the  fundamental  reactions  of  the  retina  to  these  stimuli. 
However,  it  is  possible  by  a  direct  method  of  measurement  to 
determine  the  total  visibility  of  an  object  against  a  given  back- 
ground. Such  a  value  includes  in  a  single  term  the  visibility  due 
to  all  three  kinds  of  contrast.  Since  the  part  of  total  visibility 
due  to  brightness  contrast  may  be  determined  independently,  a 
means  is  thus  available  of  evaluating  that  part  of  visibility  due 
to  the  combined  effect  of  hue  and  saturation  contrast.  Since  hue 
and  saturation  are  the  two  factors  of  quality,  the  part  of  total 
visibility  due  to  hue  and  saturation  may  for  convenience  be 
designated  as  quality  contrast,  C>/.  It  should  be  borne  in  mind, 
however,  that  this  term  includes  two  independent  variables,  both 
of  which  must  be  considered  in  any  evaluation  of  visibility  due 
to  quality  contrast.  It  is  entirely  possible  that  the  visibility  due  to 
Ch  and  Cx  could  be  evaluated  separately,  but  this  would  require 
a  large  amount  of  fundamental  research,  which  it  will  not  be 
advisable  or  neces.sary  to  go  into  at  this  time. 

The  visibility  resulting  from  brightness  contrast  is  directly 
proportional  to  the  subjective  contrast  and  hence,  for  an  eye 
adapted  to  a  fixed  brightness  level,  to  the  ratio  of  the  tw^o  bright- 
nes.ses  B^  and  Bo.     Therefore,  we  may  write: 


F.= 


/(!) 


(1) 
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Now,  suppose  that  to  both  5,  and  B.,  some  brightness,  Bv,  is 
added  and  that  Bv  is  of  such  magnitude  relative  to  B^  and  B.^  that, 

5,     +     B: 

=  k  (2) 

Bi  +  Su 

/fe  =  /   +  A  B 

Where,  5;  (3) 

A  ^  is  the  least  perceptible  difference  in  brightness  when  the 
•eye  is  adapted  to  a  field  brightness  of  B^. 

The  superposed  brightness,  Bv,  will  be  referred  to  as  "  veiling 
glare,"  and  the  magnitude  of  Bv  required  to  satisfy  the  equation 
above  may  be  taken  as  a  direct  measure  of  the  visibility  of  an 
object  under  fixed  conditions.  It  is  evident,  however,  that  the 
value  of  Bv  required  by  the  equation  will  depend  not  only  upon 
the  ratio  of  B^  to  Bn  but  also  upon  the  absolute  values  of  those 
terms.  An  evaluation  of  visibility  dependent  upon  the  ratio  of 
i?i  to  Bo  and  independent  of  their  magnitude  may  be  obtained 
by  writing 

!!F.  =  I  (4) 

It  is  evident  that  a  variation  in  value  of  any  one  of  the  four 
terms,  £j,  E^,  R^  and  R2,  will  cause  a  corresponding  change  in 
the  value  off  'b.  Visibility  may  be  evaluated,  therefore,  as  a  func- 
tion of  any  one  of  these  four  terms  as  a  varial)le  and  the  remain- 
ing three  as  constants.  It  is  entirely  possible  to  evaluate  each  of 
these  functions,  but  a  consideration  of  the  problem  to  which  the 
theory  is  later  to  be  applied  shows  that  this  is  not  necessary  and 
that  a  different  method  of  evaluation  is  more  directly  applicable. 

As  will  be  shown  later,  the  sky  forms  the  background  in  most 
of  the  cases  to  be  considered,  and  it  is  impossible  in  general  to 
treat  the  sky  as  a  surface.  It  is  not  possible,  nor  is  it  necessary,  to 
determine  independently  the  values  of  the  reflection  factor  and 
illumination  in  dealing  with  this  sky  background.  However,  its 
brightness  can  be  measured  easily,  and  from  the  standpoint  of 
brightness  the  sky  may  therefore  be  regarded  and  treated  as  a 
surface.  The  variables  /{,  and  R^  are  therefore  eliminated  from 
this  problem,  being  replaced  by  a  single  term.  /?,.  This  leaves 
for  consideration  the  three  variables,  li.j.  A'.j  and  /?,.  for  each  of 
which  as  a  variable  an  e\-a'irition  of  I ' u  nia\-  be  fornnilated.    .\«>ain. 
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considering  conditions  in  natnre.  it  will  be  seen  that  E-y  and  B^ 
are  not  in  general  independent  variables  but  more  or  less  depen- 
dent one  upon  the  other.  It  is  desirable,  therefore,  to  combine 
these  two  into  a  single  term,  as  a  function  of  which  visibility 
may  be  expressed.  This  combination  of  5i  and  Eo  is  best  accom- 
plished by  taking  the  ratio  of  the  former  to  the  latter.  This 
ratio  is  a  complete  specification  of  the  lighting  conditions  at  any 
instant,  and  is  therefore  in  the  practical  problem  of  an  object 
illuminated  by  natural  light  a  complete  specification  of  the  weather 
conditions  at  a  given  time.  This  term  will  be  referred  to  as  the 
"weather  coefiicient,"  ]V ,  its  evaluation  in  terms  of  the  other 
quantities  being  expressed  by  the  equation, 

iF  =  |;  "r.5) 

The  variables  to  be  considered  are,  therefore,  Rn  and  IV ,  and 
the  necessar}'  evaluations  of  visibility  are  of  the  form,  Vi)~ 
/(i^o).  ^V -di  constant;  and  J'h  =  f  (JV),  i^o  =  a  constant.  The 
first  equation  when  properly  formulated  w^i.ll  make  possible  the 
computation  of  the  variation  in  visibility  due  to  a  variation  in 
the  value  of  the  reflection  factor,  for  any  specified  value  of  the 
weather  coefificient ;  the  second  equation  w-ill  give  the  variation  in 
visibility  with  the  value  of  the  weather  coefficient  for  any  object 
of  definite  reflection  powder. 

Before  proceeding  with  the  formulation  of  these  visibility 
functions  it  is  desirable,  for  the  sake  of  clearness,  to  summarize 
briefly  the  terms  thus  far  defined  which  must  be  used  in  the  subse- 
quent development  of  the  theory. 

5,  =  Brightness  of  background. 
7?2  ^  Reflection  of  factor  of  object. 
£j=  Illumination  of  object. 
i?j=  Reflection  of  factor  of  object. 

B^.=  Brightness  of  veiling  glare  which  when  superposed  over  object  and 
background  will  reduce  the  contrast  to  a  just  imperceptible  value. 
Ff^=  Brightness  visibility. 
IV  =  Weather  coefiicient. 
k    =  Contrast  of  the  eye. 

The  evaluation  of  visibility  due  to  brightness  contrast  in  terms 
of  //'  and  R.^  leads  to  the  following  general  expression : 


-(if -^-    ^)-,-^ 


(6) 
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Where  c  is  a  constant  depending  for  its  value  upon  whether 
5i  is  greater  or  less  than  B^. 
If, 

•g"  >    A',  c  =  ^ 

or  if, 

5,  ,  7 


B, 


<k,  c  =  r- 


It  will  be  noted  from  the  form  of  the  expression  tliat  visibility 
as  a  function  of  IV  (i?o  =  a  constant)  will  be  represented  by  a 
rectangular  hyperbola  and  as  a  function  of  Ro  {IV  =  3i  constant) 
by  a  straight  line. 

THE   VISIBILITY  METRE. 

The  general  principles  upon  which  the  specifications  of  visi- 
bility must  be  based  have  been  outlined  in  the  section  dealing  with 
the  theory  of  the  subject.  It  will  be  remembered  that  visibility 
may  be  specified  in  terms  of  the  brightness  of  a  veiling  glare,  Be, 
and  the  brightness  of  the  background,  B^,  against  which  the  object 
is  viewed.  This  veiling  glare  was  defined  as  that  brightness  which, 
when  superposed  upon  the  visual  field  composed  of  an  object  and 
its  background,  will  reduce  the  apparent  contrast  between  object 
and  background  to  the  limit  of  visibility.  It  will  be  remembered 
that  the  discussion  referred  to  dealt  with  the  evaluation  of  the 
visibility  due  to  brightness  contrast,  I'h.  Now  suppose  that  in 
addition  to  a  brightness  contrast,  a  contrast  in  either  hue  or 
saturation  also  exists.  The  amount  of  veiling  glare  required 
to  reduce  the  total  contrast  to  a  just  perceptible  value  will  in  gen- 
eral be  greater  than  in  case  the  color  contrast  was  not  present. 
It  is  entirely  logical,  therefore,  to  ai)p1y  the  same  general  method 
for  the  evaluation  of  total  visibility,  that  is,  the  supeq)(Xsition 
over  the  object  and  background  of  a  veiling  glare  of  sufficient 
l)rightness  to  reduce  the  total  contrast  to  zero.  The  distinction 
between  the  terms  J^i,  and  J\  the  total  visibility,  should,  however, 
be  borne  in  mind.  The  total  visil)ility  in  any  case,  whether  that 
visibility  be  due  cither  to  brightness,  hue  or  saturation  contrast, 
or  to  any  combination  of  these  terms,  is  evaluated  in  terms  of 
the  equivalent  brightness  contrast  which  would  produce  the  same 
degree  of  visibility.  The  validity  of  such  a  method  is  strongly 
supj)orted  by  the  fact  that  loss  of  visibility  in  nature  is  ahnost 
entirely  (hw  to  the  presence  of  a  veiling  glare  which  is  (|uite  con- 
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stant  ill  quality,  its  color  being  approximately  white,  but  variable 
in  intensity.  This  natural  veiling  glare  arising  froiu  the  presence 
of  diffusing  material  in  the  foreground  space  produces  a  lowering 
of  the  visibility  value  regardless  of  whether  the  initial  visibility 
is  due  to  brisrhtness.  hue  or  saturation  contrast. 


Fig.  2. 


EYE 
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Fig  7o 


x  =  glare:  field 

Y  =  PHOTOMETIC  FIELD 


Diagrammatical  illustration  of  the  visibility  metre. 

It  was  necessary  to  design  and  build  an  instrument  and  to 
develop  methods  for  the  precise  measurement  of  the  quantities, 
Br  and  B^,  under  practical  conditions.  After  extensive  prelim- 
inary trials  a  satisfactory  instrument  was  developed.  Several 
different  types,  all  operating  upon  the  same  basic  principles,  hav- 


374 


LOYD    A.    JOXES. 


[J.F.I. 


ing  been  desigired,  the  type  which  appeared  to  be  most  convenient 
tor  practical  work  was  chosen  and  a  complete  instrument  con- 
structed. This  instrument  is  called  a  "  visibility-metre  "  and 
patents  covering  the  basic  principles  upon  w^hich  it  is  constructed 
and  several  particular  designs  have  been  applied  for  by  the  East- 
man Kodak  Company,  in  whose  Research  Laboratory  these  ex- 
periments were  conducted.  In  Fig.  2  is  given  a  diagrammatic 
sketch  shownng  the  arrangement  of  the  essential  parts  of  the 
instrument,  and  Figs.  3  and  4  show  photographs  of  the  com- 
pleted instrument. 

Fig.  3. 


The  visibility  metre  open. 


The  letter  M,  Fig.  2,  indicates  a  semi-transparent  mirror  set 
at  45°  to  the  axis  of  the  instrument,  which  is  coincident  witli  the 
axis  of  sight.  This  mirror  reflects  about  60  per  cent,  of  the 
incident  light  and  transmits  approximately  20  per  cent.,  the  re- 
maining 20  per  cent,  being  absorbed.  The  secondary  axis  of  tlie 
instrument  is  a  line  j)erpen(licular  to  the  axis  of  sight  at  the  point 
where  the  reflecting  surface  intersects  the  axis  of  sight.  C  is  a 
diffusing  member  composed  of  pot  or  flashed  opal  glass  placed 
perpendicular  to  the  secondary  axis.  This  diffusing  surface  is 
ilhuninated  by  a  light  source,  S,  mounted  so  as  to  move  along  the 
secondary  axis.  This  source  is  mounted  at  one  end  of  a  brass 
tul)e,  /?.  on  one  side  of  which  is  the  rack,  /?,.  A  knurled  hand 
wheel.  A^  is  mounted  rigidly  on  a  .shaft  carrying  also  the  pinion. 
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J\,  which  eng^ages  the  rack,  Ry,  thus  providing  for  the  movement 
of  the  source  along  the  secondan'  axis  by  a  rotation  of  the  hand 
wheel.  -V.  A  second  pinion,  P..,  in  mesh  with  P^,  engages  the 
rack.  R2.  which  is  rigidly  attached  to  the  frame  carrying  the 
neutral  gray  non-diffusing  optical  wedge,  JV.  This  wedge  varies 
continually  in  opacity  from  one  end  to  the  other,  and  is  so  ar- 
ranged as  to  move  across  the  axis  of  sight.  The  object  lens,  L,, 
is  of  such  focal  length  that  the  object  of  which  tlie  visibility  is  to 
be  measured  is  imaged  sharply  at  the  point  where  the  reflecting 
surface,  .V.  intersects  the  axis  of  sight.  This  lens  is  adjustable 
in  position,  so  that  either  near  or  far  objects  may  be  imaged  in- 

F..,.  4. 


The  visibility-metre  closed. 

the  proper  plane.  The  eye  lens,  L.,,  is  of  such  power  that  the 
magnification  of  the  system  is  unity,  thus  giving  a,  retinal  image 
of  the  same  size  as  w'hen  the  object  is  viewed  with  the  naked  eye. 
The  lens  L2  enables  the  eye  to  see  clearly  defined  the  image- 
formed  by  the  lens  L,.  The  mirror  M  may  l^e  replaced  by  a  simple 
photometric  field  for  the  purpose  of  measuring  brightness,  it  being 
necessar}-  to  measure  5,  in  order  to  obtain  the  visibility  value. 
The  details  of  the  interchangeable  field  are  shown  in  the  small 
right-hand  draw'ing  of  Fig.  2. 

In  order  to  increase  the  sensibility  of  the  instrument  ini  the 
measurement  of  B,-,  a  strij)  of  clear  gelatine  film  is  placed  over 
one-half  of  the  field,  thus  increasing  the  reflecting  power  of  that 
half  by  about  8  per  cent.  If  a  l^e  the  half  of  the  field  thus  cov- 
ered, it  will  for  a  given  position  of  the  source,  S,  cause  a  brighter 
veiling  glare  to  appear  as  superposed  over  the  object  and  back- 
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ground  than  the  other  half  of  the  field,  b.  Now,  if  the  object  be  so 
adjusted  in  the  field  of  the  instrument  that  the  line  between  the 
two  halves  of  the  field  bisects  (approximately)  the  object,  that 
part  of  the  object  in  the  field  b  will  still  be  visible  when  the  other 
part  (that  in  field  a)  has  been  completely  obscured  by  the  veiling 
glare  of  that  part  of  the  field.  In  this  way  certain  limits  are  set 
between  which  every  setting  must  be  made.  If  it  is  desired  to 
decrease  the  difference  in  brightness  between  the  two  parts  of  the 
field  (in  order  to  narrow  the  limits  of  the  setting),  this  may  be 
done  by  making  the  reflecting  powers  of  one-half  of  the  field  any 
desired  amount  greater  than  the  other.  This  is  easily  accom- 
plished if  the  reflecting  surface  is  made  by  depositing  the  reflect- 
ing metal  on  the  glass  by  a  cathodic  discharge. 

The  photometric  field  is  made  by  covering  one-half,  c,  of  the 
small  circular  opening  with  a  piece  of  highly  reflecting  matt  paper. 
The  white  paper  is  illuminated  by  the  source,  S,  and  the  other  half, 
d,  being  open,  permits  the  eye  to  see  the  image  of  the  background 
formed  by  the  lens  L,.  The  line  between  c  and  d  (when  the 
photometric  field  is  in  a  position  for  use)  Hes  at  the  intersection 
of  the  axis  of  sight  with  the  secondary  axis  and  hence  in  the  plane 
in  which  the  object  is  imaged  by  the  lens  L,.  The  circular  field,  c, 
surrounding  the  photometric  fields,  c  and  d,  is  made  of  grey  matt 
paper.  This  is  the  type  of  field  actually  used  in  the  instrument, 
but  any  of  the  well-known  types,  stich  as  a  Lummer-Brodhum 
cube,  may  be  substituted  if  desired,  the  chief  re(|uirement  being 
a  sharp  dividing  line  lying  in  the  image  plane.  These  two  fields 
are  mounted  in  a  small  metal  frame,  sliding  in  milled  metal  ways 
placed  perpendicular  to  the  plane  through  the  axis  of  the  instru- 
ment. Stops  are  provided  so  that  each  field  may  easily  and 
quickly  be  brought  into  position  with  the  axis  of  sight  passing 
through  the  centre  of  the  field  being  used.  A  light  filter  is  placed 
at  F.  This  filter  is  of  such  c|uality  that  the  light  from  the  source 
S,  after  passing  through  the  filter,  matches  in  color  the  light  which 
illuminates  the  object  and  l)ackground.  A  graduated  scale.  T,  is 
fastened  rigidly  to  the  case  which  incloses  the  source.  An  index. 
/,  attached  to  the  source  or  its  supporting  member  moves  along 
this  scale,  indicating  at  all  times  the  position  of  the  source,  .9.  and 
wedge,  JV,  with  reference  to  the  axis  of  sight.  The  scale  is  so 
calibrated  that  from  the  position  of  the  index  at  any  instant  the 
brightness  of  the  glare  field.  /?'.•.  and  the  opacity  of  the  wedge  on 
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the  axis  of  sight  can  be  determined.  By  turning  tlie  hand  wheel 
A',  the  source,  6",  and  the  wed'ge,  W ,  are  caused  to  move  simulta- 
neously and  in  such  fashion  that  an  increase  in  the  brightness  of 
the  veiling  glare,  B^,  is  accompanied  by  an  increase  in  the  opacity 
of  the  wedge  on  the  axis  of  sight.  This  increase  in  opacity 
causes  a  diminution  in  the  intensity  of  the  light  which  reaches 
the  eye  from  the  object  and  background. 

Now  the  light  transmitted  by  the  diffusing  member,  C,  is  re- 
flected into  the  eye,  appearing  to  come  from'  the  image  of  that 
surface.  Thus  dift'use  white  light  is  caused  to  enter  the  eye  from 
a  point  between  the  eye  and  the  object  being  observed,  increasing 
the  apparent  brightness  of  both  object  and  background  by  the 
same  amount  and  causing  the  ratio  of  B^  to  Bo  to  be  lowered. 
At  the  same  time  the  wedge,  W ,  is  introduced,  causing  a  propor- 
tionate reduction  in  the  apparent  brightness  of  B-^  and  B.^. 

It  will  be  seen,  therefore,  that  the  action  of  the  instrument 
is  exactly  analogous  to  the  action  of  material  particles  distributed 
throughout  the  foreground  space,  i.e.,  the  production  of  a  veiling 
glare  between  the  eye  and  the  object  and  die  absorption  of  a 
certain  percentage  of  the  light  reflected  or  emitted  by  the  object 
and  background.  Now,  if  the  source  and  wedge  be  moved  to  such 
a  position  that  the  object  is  just  visible  in  one  part  of  the  field  and 
not  visible  in  the  other,  a  setting  is  obtained  from  which  the 
values  of  B'v  and  Da  can  be  determined. 

In  our  fundamental  equations,  Bv  was  defined  as  the  brightness 
of  the  veiling  glare  which  when  superposed  over  object  and  back- 
ground will  reduce  the  visibility  to  zero  or  a  just  perceptible  value. 
It  will  be  noted  that  as  no  term  covering  the  decrease  in  bright- 
ness due  to  absorption  of  light  in  the  foreground  space  appears 
in  those  equations,  it  is  inferred  that  the  entire  loss  of  visibility 
is  produced  by  the  veiling  glare,  B<.  Now  the  effect  of  the  intro- 
duction of  an  absorbing  member,  such  as  the  wedge  W ,  is  merely 
to  decrease  the  amount  of  veiling  glare  required  to  reduce  the 
visibility  to  zero.  It  is  not  feasible  in  practice  to  produce  the 
extinction  of  visibility  by  a  veiling  glare  alone,  clue  to  the  fact  that 
the  values  of  B^  and  Bo  are  so  high  that  a  source  of  very  high 
intensity  would  be  required  to  give  the  required  value  of  Bv.  As  it 
is  desirable  to  make  the  instrument  as  portable  as  possible,  such 
sources  cannot  conveniently  be  used  on  account  of  the  excessive 
weight  of  storage  batteries  required  to  operate  them.     By  using 
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an  absorbing  wedge  in  the  axis  of  sight  a  much  smaller  lamp  may 
be  used.  Such  procedure  does  not  in  any  way  interfere  with  the 
correct  determination  of  Bv.  In  order  to  obtain  the  maximum 
possible  illumination  on  the  diffusing  member  with  a  lamp  to  given 
energy  consumption,  the  interior  walls  of  the  chamber  inclosing 
the  source,  .S^  are  painted  white.  This  tends  to  increase  the  bright- 
ness of  the  diffusing  member  and  also  to  increase  the  uniformity 
of  illumination  on  this  surface,  which  is  extremely  desirable. 
This  painting  of  the  interior  walls  prevents  the  use  of  the  inverse 
square  law  in  computing  the  illumination  on  the  diffusing  sur- 
face from  known  values  of  intensity  of  source  and  distance  be- 
tween source  and  surface.  This,  however,  does  not  interfere  in 
any  way  with  the  operation  of  the  instrument. 

For  a  given  ratio  of  B^  to  B.,  the  value  of  Bv  required  to 
produce  a  loss  of  visibility  is  directly  proportional  to  the  abso- 
lute values  of  5,  and  B.,.  Thus  by  reducing  the  apparent  bright- 
ness of  B^  and  Bo  to  one-tenth  of  their  actual  value  by  means  of 
the  member  W,  only  one-tenth  of  the  amount  of  veiling  glare 
from  the  surface  of  M  will  be  required  to  produce  a  given  lower- 
ing of  visibility.  The  brightness  of  the  glare  field  of  the  instru- 
ment will  be  designated  by  5^  and  should  not  be  confused  wnth 
the  term  Br  appearing  in  the  equations.  The  value  of  Bv  is  com- 
puted from  those  of  B\-  and  D,,  (the  density)  or  Ta  (the  transmis- 
sion) of  the  wedge  /^P  at  the  point  through  which  passes  the 
axis  of  sight. 

The  statement  that  the  value  of  B,.  appearing  in  the  funda- 
mental equations,  is  directly  proportional  to  5,  or  B.^  and  hence 
inversely  proportional  to  Ta  rests  upon  a  basic  assumption  which 
should  be  mentioned  at  this  point.  In  order  for  this  to  l>e  true,  k, 
the  contrast  factor  of  the  eye,  must  remain  constant.  That  is.  the 
total  field  of  brightness  to  wdiich  the  eye  is  subjected  must  not 
change  sufficiently  to  cause  an  accompanying  change  in  k.  This 
factor  is  satisfied  in  the  instrument  by  so  adjusting"  the  density 
gradient  of  the  wedge  IV  and  the  linear  velocity  of  the  wedge 
relative  to  that  of  the  .source,  that  the  total  field  of  brightness,  Bt, 
of  the  instrument  remains  sensibly  constant  regardless  of  the 
position  f)f  the  members  relative  to  the  axis  of  sight.  It  is  not 
possible  to  ()1)(ain  exact  constancy  of  Bi  for  all  values  of  /?,,  but  Bi 
can  be  kept  within  the  range  for  which  />•  is  constant.  However, 
in  case  /?/  should  vary  beyond  the  specified  range  of  values,  it  is 
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still  possible  to  compute  /-)',,  provided  the  resulting  change  in  the 
value  of  k  is  known.  If  Bi  is  measured,  which  can  easily  be  done, 
the  corresponding  values  of  k  may  be  obtained.  In  practice  it  is 
found  that  Bt  can  be  kept  within  the  required  limits  in  almost  all 
cases  by  choosing  a  wedge  of  proper  density  gradient  and  by 
adjusting  the  number  of  teeth  on  the  pinions  so  that  the  desired 
relative  motions  oi  S  and  JV  are  obtained. 

The  above  consideration  shows  that  it  is  not  necessary  to 
exactly  simulate  in  the  instrument  the  relations  existing  in  nature 
between  the  values  of  the  veiling  glare  brightness  and  the  opacity 
arising  from  the  particles  suspended  in  the  foreground  space. 
Since  this  relation  is  not  constant  for  all  natural  conditions,  being 
dependent  upon  the  nature,  size  and  spatial  distribution  of  such 
scattering  and  absorbing  particles,  it  would  be  quite  impossible 
to  make  a  single  instrument  exactly  simulating  all  possible  condi- 
tions resulting  in  lowered  visibility. 

Now  it  will  be  noted  by  referring  to  the  theoretical  treat- 
ment that 

B, 

It  is  necessary,  therefore,  to  determine  the  value  of  5^.  This  is 
done  by  substituting  for  the  glare  field,  X,  in  Fig.  2,  t!he  photo- 
metric field,  Y.  The  instrument  being  calibrated  as  a  brightness 
photometer,  the  value  of  B^  is  read  directly  from  the  scale  when 
a  photometric  balance  exists  between  the  fields  c  and  d.  The  field 
d  is  filled  by  the  image  of  the  background. 

In  order  to  obtain  a  value  of  IV,  the  weather  coefficient,  which 
is  defined  by  the  expression. 

5, 

it  is  necessar}'  also  to  determine  the  value  of  £2.  the  illumination 
on  the  object  plane.  This  may  be  done  by  measurement  of  the 
brightness.  Bo,  of  a  surface  in  the  object  plane  of  which  the  reflec- 
tion factor,  Ro,  is  known.  Such  a  surface  is  termed  a  test  plane 
and  is  made  by  covering  a  frame  of  the  proper  size  with  canvas  or 
sail  cloth  painted  with  several  coats  of  a  matt  white  paint.  The  re- 
flection factor,  Ro,  of  this  surface  is  carefully  determined  by  suit- 
able laboratory  methods.  When  determinations  of  visibility  are 
to  be  made,  this  test  plane  is  fixed  in  the  object  plane  so  that  its 
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brightness  may  be  read  from  the  designated  point  of  observation. 

The  procedure  in  taking  a  complete  visibiHty  reading  then 
consists  of  three  steps  : 

(i)  With  the  glare  field  in  position  the  instrument  is  so  set 
that  the  image  of  the  object  occupies  a  position  in  the  field  X, 
¥'\g.  2,  such  that  the  dividing  line  between  a  and  h  approximately 
bisects  the  image.  The  hand  wheel  A^  is  then  turned  until  the 
object  is  just  visible  in  field  h,  and  is  invisible  in  field  a.  The 
position  of  the  index  on  the  scale  5  is  then  read,  giving  the  scale 
reading  5'i. 

(2)  The  photometric  field  is  thrown  into  position  and  the 
instrument  so  aligned  that  the  image  of  the  background  fills  the 
portion  d  of  the  field  Y,  Fig.  2.  A'^  is  then  turned  until  d  and  c  are 
equal  in  brightness  and  the  position  of  the  index  being  read  gives 
the  scale  reading  82- 

(3)  The  alignment  of  the  instrument  is  changed  so  that  the 
image  of  the  test  plane  fills  the  field  d  and  a  photometric  balance 
is  again  made  by  turning  A'^.  The  position  of  the  index  now  gives 
the  third  scale  reading  5".-,. 

THE    VISIBILITY   OF   SURFACE    CRAFT   FROM    A   SUBMARINE. 

The  treatment  of  the  subject  of  the  visibility  of  an  object  thus 
far  has  been  based  upon  certain  simplifying  hypotheses,  the  chief 
of  w'hich  are:  (a)  an  object  uniform  in  color  and  brightness; 
(6)  a  background  also  uniform  in  color  and  brightness.  Let  us 
now  analyze  the  problem  of  the  visibility  of  a  ship  observed  from 
a  submarine  and  determine  how  nearly  this  practical  case  ap- 
proaches to  the  ideal  case  based  upon  the  stated  hypotheses. 

First  let  us  consider  the  background  against  which  the  ship 
must  be  viewed.  In  the  general  case  of  a  ship  at  sea  the  back- 
ground may  be  composed  either  of  sky  or  water  or  some  combina- 
tion of  the  two.  The  ratio  of  the  sky  to  sea  in  any  case  depends 
upon  three  factors.  In  Fig.  5  let  the  line  ah'c  represent  the  sur- 
face of  the  sea.  A,  the  point  of  observation,  and  B,  an  elevation 
of  the  ship  observed.  The  factors  governing  the  proportion  of 
sky  and  sea  composing  the  background  in  any  case  are:  (i)  the 
distance  x,  represented  by  the  line  Aa.  the  height  of  the  point  of 
oKservation  alx)ve  the  sea  level;  (2)  the  distance  r.  the  line  AB 
representing  the  distance  between  the  point  of  observation  .  /  and 
the  ship  observed,  B;  (3)  the  height  of  the  observed  .ship,  which 
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we  will  call  j.  The  magnitude  of  .1-  determines  the  distance  be- 
tween the  point  of  observation  and  the  ln)rizon  line,  which  may 
l>e  defined  as  the  line  which  is  the  locns  of  the  points  of  tangency 
between  the  spherical  surface  formed  by  the  surface  of  the  sea  and 
all  lines  passing  through  the  point  of  observation  and  tangent  to 
tliis  spherical  surface.  The  positions  of  the  horizon  lines  for  the 
three  obser\-ation  points.  A,  A'  and  .i",  are  represented  in  Fig.  5 
by  the  points  /;,  /;'  and  //".  respectively.  Let  the  distance  from 
the  horizon  line  to  the  point  of  observation  be  indicated  by  the 
symbol  H.  The  small  inserts,  i,  2  and  3,  represent  the  appearance 
of  the  visual  fields  when  the  boat,  B.  is  observed  from  the  three 

Fig.  s. 


The  ratio  of  sky  to  sea  in  the  field  of  the  periscope. 

points  A,  A'  and  A".  In  i  it  will  be  seen  that  the  entire  back- 
ground against  which  the  boat  is  seen  is  sky.  This  is  the  case 
where  y  =  H.  In  2,  part  of  the  background  is  sky  and  part  sea. 
Here  y  <  H.  In  3,  the  entire  background  is  sea.  Here  also 
3'  <  H.  It  will  be  seen,  therefore,  if  y  is  ecjual  to  or  greater 
than  H  that  the  entire  background  will  be  sky.  These  fig- 
ures are  presented  merely  for  the  purpose  of  illustration,  numer- 
ical data  being  presented  in  another  part  of  this  report  from  which 
the  actual  proportions  of  sea  and  sky  composing  the  background 
for  any  specified  values  of  .r.  y  and  z  may  be  computed. 

Study  of  the  conditions  of  observation  from  a  hostile  sul> 
marine  preparing  to  attack  a  vessel  reveals  the  fact  that  in  prac- 
tically all  cases  y  is  greater  than  H.  When  a  submarine  is  oper- 
ating on  the  surface,  the  distance,  .r,  may  be  as  great  as  25  feet, 
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thus  giving  an  approximate  value  of  H  -  12,000  yards.  But  since 
the  submarine  itself  must  avoid  being  seen  by  an  observer  on  the 
lx)at  to  be  attacked,  this  elevation  of  observation  point  is  only 
available  when  the  distance, 3',is  great.  When  running  awash,  the 
value  of  X  is  approximately  10,  giving  a  value  oi  H  =  9000  yards. 
When  submerged,  the  value  of  x  is  seldom  over  i  to  2  feet,  giving 
values  oi  H  from  4000  to  4500  yards.  Thus,  in  order  for  the 
surface  craft  to  be  seen  against  anything  but  a  background  com- 
posed entirely  of  sky  when  observed  from  the  submerged  sub- 
marine, the  distance,  3',  must  be  less  than  4000  yards ;  wheiT 
running  awash  it  must  be  less  than  9000  yards,  and  when  running 
on  the  surface  must  be  less  than  12,000  yards.  It  is  evident  from 
these  considerations  that  the  background  to  be  dealt  with  in  this 
problem  of  low  visibility  is  sky  only,  and  hence  uniform  as  con- 
sidered from  the  standpoint  of  its  general  nature. 

Now  from  the  standpoint  of  visibility  it  is  not  necessary  to 
consider  the  brightness  and  color  of  the  sky  as  a  whole  but  only 
of  that  small  portion  which  appears  to  immediately  surround  the 
observed  ship,  forming  the  background  against  w'hich  the  ship  is 
seen.  Given  an  observed  boat  400  feet  long,  100  feet  high  (to  the 
tops  of  the  masts),  and  with  the  value  of  v  =  4000  yards,  the 
visual  angle  subtended  at  the  eye  in  the  horizontal  ])lane  will  be 
approximately  2°,  and  in  the  vertical  plane  30'.  The  portion  of 
the  sky,  therefore,  which  nuist  be  considered  as  the  background 
of  any  instant  is  only  slightly  larger  than  this,  subtending  at  the 
eye  a  vertical  angle  of  45',  and  a  horizontal  angle  of  3°.  We  are 
concerned  with  the  brightness  and  color  of  this  field,  or,  in  case 
the  values  of  these  factors  are  not  constant,  for  all  points  within 
this  area,  with  the  nature  of  the  variation  of  brightness  and  color 
occurring  within  the  specified  area.  If  this  area  is  uniform  in 
brightness  and  color,  then  for  low  visibility  the  shiji  as  observed 
from  the  specified  point  of  observation  should  appear  of  the 
same  color  and  brightness,  uniform  over  the  entire  visible  sur- 
faces. If  the  area  of  sky  being  considered  is  not  uniform  in 
brightness  and  color,  then  the  ship,  in  order  to  have  low  visibility, 
should  be  so  painted  that,  as  viewed  from  the  specified  point,  the 
same  general  variation  in  color  and  brightness  occurs  on  the 
visible  surfaces  as  occurs  on  the  sky  backgroimd.  For  instance, 
if  tlic  background  appears  to  be  striped  in  the  vertical  direction 
(hie  to  altcrnateU-  high  and  low  values  of  /?,,  then  the  ship  should 
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appear  with  perpeiulicular  stripes  alternately  light  and  dark. 
However,  extended  t)l)servation  shows  that  considering  a  portion 
of  the  sky.  tlie  lower  boundary  line  of  which  is  the  horizon,  sub- 
tending a  vertical  angle  at  the  eye  of  45',  practically  no  variation 
in  eitlier  color  or  brightness  exists  within  such  a  relatively  small 
area.  The  background,  tlierefore,  is  in  almost  all  cases  uniform, 
and  hence  conforms  with  the  assumptions  made  in  the  theoreti- 
cal treatment. 

Now  let  us  consider  the  appearance  of  the  ship.  Here  both 
vertical  and  horizontal  surfaces  distributed  in  three  dimensions 
must  be  considered.  Due  to  the  nature  of  such  structures  some 
surfaces  receive  mucli  greater  incident  illumination  than  others. 
Hence,  if  all  of  these  visible  surfaces  are  painted  with  a  perfectly 
matt  paint  of  fixed  composition,  thus  causing  all  surfaces  to  have 
the  same  reflecting  power,  with  the  diffuse  conditions  of  lighting 
such  as  occur  on  dull,  overcast  days,  a  great  variation  in  the 
brightness  of  the  various  surfaces  may  exist.  Considering  fur- 
ther the  fact  that  all  painted  surfaces  reflect  some  light  specularly 
and  that  conditions  of  more  or  less  direct  illumination  (such  as 
occur  with  the  sun  not  at  all  or  only  partially  obscured  by  clouds) 
must  be  taken  into  account — it  is  evident  that  the  existence  of 
regions  on  the  ship  of  pronounced  high  light  and  shadow  will  exist. 

It  is  clear,  then,  that  our  original  hypothesis  of  an  object  uni- 
form in  brightness  and  color  does  not  apply  to  the  practical  case. 
The  failure  of  this  assumption  to  hold  does  not  in  any  way  inval- 
idate our  methods  of  measuring  the  visibility  even  when  applied 
to  cases  where  the  object  is  not  uniform  in  brightness  and  color. 
In  case  the  visibility  of  an  object  in  a  given  case  is  due  to  this  lack 
of  uniformity  the  magnitude  of  its  visibility  may  still  be  evaluated 
by  the  veiling  glare  required  to  produce  a  disappearance  of  that 
lack  of  uniformity. 

In  attempting  to  obtain  low  visibility  by  application  of  paint  to 
the  ship  the  question  of  highlights  and  shadows  should  receive 
careful  consideration  and  effort  should  be  made  to  eliminate  them 
as  completely  as  is  possible,  thus  producing  an  object  approxi- 
matelv  uniform  in  brightness  and  color  when  viewed  from  the 
specified  point  of  observation.  The  details  of  working  out  such 
a  scheme  var\'  with  the  peculiar  nature  of  the  structure  under 
consideration.  General  laws  can,  how^ever,  be  outlined.  All  sur- 
faces which  by  nature  of  their  position  receive  excessive  illumina- 
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tion  or  reflect  excessively  in  the  direction  from  which  observation 
is  to  be  made  should  be  painted  so  as  to  have  a  lower  reflecting 
power  than  other  surfaces.  All  specular  reflection  should  be 
reduced  to  a  minimum  by  the  use  of  matt  paints.  Surfaces  which 
by  virtue  of  their  position  receive  less  illumination  than  the 
average  should  be  raised  in  reflecting  power  by  the  use  of  lighter 
paints.  Shadows  may  also  be  lightened  by  increasing  the  inci- 
dent illumination.  In  some  cases  this  may  be  done  by  painting 
with  the  whitest  paint  obtainable  all  contiguous  surfaces  which 
cannot  be  seen  from  the  specified  point  of  observation.  Thus  in 
some  cases  it  is  of  advantage  to  apply  white  paint  to  certain  por- 
tions of  the  deck  and  to  the  under  sides  of  overhanging  superstruc- 
tures. In  some  cases  it  may  not  be  possible  even  by  use  of  white 
paint  to  sufficiently  lighten  shadows.  One  instance  of  this  is 
found  in  the  case  of  the  shadow  in  the  throat  of  a  ventilator.  In 
such  case  a  surface  which  receives  sufficient  illumination  may  be 
interposed  between  the  point  of  observation  and  the  shadow  to 
be  eliminated. 

The  essential  points  of  this  section  may  be  summarized  as 
follows : 

(i)  The  background  to  be  considered  is  composed  entirely 
of  sky. 

(2)  This  area  of  sky  to  be  considered  subtends  an  approxi- 
mate visual  angle  of  45'  in  the  vertical  direction,  of  y  in  the 
horizontal. 

(3)  This  area  is  very  nearly  uniform  in  brightness  and  color. 

(4)  The  object  (the  observed  l)oat)  is  not  in  general  uniform 
in  brightness  and  color. 

(5)  By  special  treatment  a  close  approach  to  uniformity  can 
be  obtained. 

(6)  For  low  visibility  an  object  viewed  against  a  background 
which  is  uniform  in  brightness  and  color  should  also  be  uniform 
and  of  the  same  brightness  and  color  as  the  background. 

(7)  For  low  visibility  an  object  viewed  against  a  background 
not  uniform  in  brightness  and  color  should  exhibit  a  distribution 
of  brightness  and  color  similar  to  that  prevailing  in  the 
background. 

(H)  Visibility  due  to  lack  of  unif()rniil\-  may  be  measured  by 
the  same  general  method,  i.r..  the  superposition  of  a  veiling  glare 
over  object  and  ])ackground. 
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EXPERIMENTAL  RESULTS. 

The  thetiry  upon  which  the  ineasureinent  and  specification  of 
visibihty  is  based  having-  been  brielly  considered  and  an  instru- 
ment devised  by  means  of  which  the  visibihty  of  any  object  may 
be  measured,  it  remains  now  to  discuss  the  practical  apphcation 
of  these  methods  to  actual  cases. 

It  has  been  shown  that  the  background  available  in  case  of 
the  observation  of  a  surface  craft  from  a  submarine  is  composed 
almost  entirely  of  sky  and  that  this  sky  is  uniform  in  color  and 
brightness.  For  low  visibility  the  boat  must  also  be  uniform. 
Hence  a  flat  board,  cut  so  as  to  represent  the  profile  of  the  boat  to 
he  obser\-ed  and  painted  uniformly  represents  satisfactorily, from 
the  standpoint  of  visiljility,  the  optimum  condition  for  low  visi- 
bility. While  such  models  do  not  represent  the  actual  appear- 
ance of  a  structure  distributed  in  three  dimensions,  they  do 
represent  the  ideal  which  may  be  approached  by  a  system  of  paint- 
ing which  eliminates  as  nearly  as  possible  all  highlights  and 
shadows.  Such  profile  models  are,  therefore,  quite  satisfactory 
for  this  phase  of  the  work,  which  deals  with  the  determination  of 
the  best  brightness  and  color  for  the  production  of  low  visibility. 

Referring  now  to  the  theoretical  treatment  and  the  nomen- 
clature adopted,  it  will  be  seen  that  the  conditions  for  invisibility 
are  that : 
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The  factors  5,,  H^  and  S^  are  natural  characteristics  of  the 
particular  sky  background  being  considered  and  hence  are  fixed. 
The  term  £0  ^s  also  a  factor  beyond  our  control.  The  three  fac- 
tors subject  to  control  are.  therefore,  Ro,  H2  and  So,  and  it  is  with 
the  experimental  determination  of  the  l>est  values  of  these  three 
terms  for  various  conditions  of  the  weather  that  this  section  deals. 
It  is  convenient  to  divide  the  work  into  parts : 

( 1 )  The  determination  of  7^2- 

(2)  The  determination  of  color  (H.^  and  S2). 

The  experimental  work  was  carried  out  at  Rochester,  N.  Y., 
on  Lake  Ontario,  and  at  sea.  In  order  to  obtain  natural  lighting 
conditions  and  to  use  as  a  background  a  portion  of  sky  just  above 
a  water-line  sky,  a  .station  was  established  on  the  shore  of  Lake 
Ontario.     To  hold  the  models  in  proper  position  for  observation. 
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a  rack  with  an  arrangement  for  suspending  the  models  was 
erected.  This  rack,  illustrated  in  Fig.  6,  was  erected  as  close  to 
the  water's  edge  as  possible.  The  two  uprights,  A,  A,  were  con- 
nected at  the  top  by  the  crosspiece  C.  The  member  D  was  sus- 
pended from  C  and  so  arranged  that  it  could  be  rotated  in  a 
horizontal  plane  about  the  vertical  axis  represented  by  the  line 
mn.  To  the  ends  of  the  sash  cords,  E,  E,  running  over  the  pul- 
leys, F,  F,  on  the  member  D,  were  attached  fine  piano  wares, 
H,  H ,  terminating  in  hooks,  /,  /.  In  placing  a  model  in  position 
for  observation  the  hooks,  /,  /,  were  inserted  into  the  eyes  located 
along  the  top  of  the  model,  M ,  and  an  attendant  operating  the 


Fig.  6. 


SHORE  LINE 


The  model  rack. 


cords  raised  the  model  to  such  a  position  that  from  the  point  of 
observation  the  lower  boundary  of  the  model  appeared  to  be 
coincident  with  the  horizon  line,  1 1 L.  One  end  of  a  strong  spiral 
spring,  K,  was  attached  to  the  ground  directly  below  the  model, 
the  other  end  termination  in  a  piano  wire  leader,  L,  which  was 
hooked  into  an  eye  on  the  bottom  of  the  model,  thus  preventing 
the  model  from  being  displaced  from  the  desired  position  by  any 
wind  that  might  1>e  blowing  at  the  time.  On  one  of  the  uprights 
the  test  plane,  () ,  was  placed  at  the  same  height  as  the  model,  thus 
permitting'  the  test  plane  to  be  brought  into  the  field  by  simply 
changing  the  orientation  of  the  visibilitv  metre  on  its  tripod. 

The  point  Station  i,  Fig.  7,  from  which  most  of  the  observa- 
tions were  nindc.  was  due  south  from  the  model  and  at  surh  a  dis- 
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tance  that  the  visual  angle  subtended  at  the  eye  by  the  model 
was  ecjuivalent  to  tliat  subtended  by  a  boat  300  feet  long  when  at 
a  distance  of  6000  yards  from  the  observer.  Readings,  however, 
were  taken  at  other  points,  Stations  4  to  7,  such  that  the  equiv- 
alent distance  for  the  300- foot  boat  was  varied  from  2000  to 
18,000  yards.  By  rotating  the  member  D,  readings  could  be 
taken  with  the  boat  at  any  angle  to  the  axis  of  sight,  thus  giving 
visibility  values  for  a  boat  at  any  desired  course.  Observations 
were  also  taken  from  points  southwest.  Station  2,  and  southeast. 
Station  3,  from  the  model  and  with  the  models  at  various  angles. 


Fig.  7. 
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Diagram  of  the  observation  stations. 

to  the  line  of  sight.  Figs.  5  and  6  are  not  drawn  to  scale.  The 
actual  distance  between  the  model  and  the  nearest  point  of  obser- 
vation. Station  4,  was  approximately  100  feet,  while  the  distance 
between  the  centres  of  model  and  test  plane  was  8  feet,  so  that 
the  model  set  parallel  to  the  test  plane  and  tlie  line  of  sight  was 
practically  perpendicular  to  lx)th  test  plane  and  model.  The  models 
used  were  approximately  5  feet  long  by  6  inches  high.  Therefore, 
an  actual  distance  of  50  feet  between  model  and  point  of  observa- 
tion causes  the  same  visual  angle  to  be  subtended  by  the  model  as 
would  be  subtended  by  a  ship  300  feet  long  at  a  distance  of  1000 
yards.  Station  i,  upon  which  the  great  majority  of  observations 
were  made,  was  at  a  distance  of  300  feet  from  the  model. 

{To  be  concluded.) 
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Motor  Cars  at  Home  and  Abroad.  (Machinery,  London,  vol. 
xiv,  No.  354,  p.  446,  July  10,  1919.) — There  is  a  motor  vehicle  reg- 
istered in  the  United  States  for  every  twenty-four  persons ;  in 
Canada  the  proportion  is  probably  one  to  each  fifty;  in  England,  one 
to  two  hundred;  in  Denmark,  one  to  three  hundred;  and  in  France, 
Belgium,  Holland,  Switzerland,  and  Germany,  about  one  to  every 
four  hundred.  In  1917  it  was  estimated  that  Italy  had  one  car  to 
each  1000  of  the  population;  Portugal,  to  each  1690;  Spain,  to  each 
1900;  Austria-Hungary,  to  each  2650;  and  Russia,  to  each  5000.  In 
Australia  there  was  one  car  for  each  140  of  the  population,  and  in 
South  America  as  a  whole,  one  for  each  1430.  Many  a  minor  city  in 
the  United  States  has  more  cars  than  the  whole  of  China  or  Japan. 
France  for  many  years  headed  the  list  of  automobile  exporting 
nations,  followed  by  Great  Ijritain,  the  United  States,  Italy,  Ger- 
many, and  Belgium.  In  the  United  States  the  domestic  require- 
ments were  so  great  that  the  majority  of  the  cars  were  absorbed  at 
home.  British  and  European  motor  builders  have  multiplied  their 
plant  and  equipment  ten  times  in  four  years  and  yet  their  combined 
capacity  is  still  behind  that  of  the  United  States.  It  is  stated  that 
one  American  factory  intends  to  manufacture  within  one  year  as 
many  cars  as  the  entire  British  output  for  1914.  The  price  of  this 
car  is  expected  to  be  approximately  from  $600  to  $750. 

Preparation    of    Glycerol    by    Carbohydrate     Fermentation. 

SciiWEizER.  (Helvetica  Chiui.  Act.,  vol.  ii,  p.  167,  1919.) — Pasteur 
in  1857  found  that  ordinary  alcoholic  fermentation  is  attended  by 
the  production  of  a  small  amount  of  glycerol.  He  obtained  nearly 
four  parts  by  weight  from  100  parts  of  sugar.  Later,  Laborde  made 
investigations  as  to  the  influence  of  the  amount  and  character  of  the 
yeasts  used,  and  obtained  about  double  the  yield  that  Pa.steur  ob- 
tained. The  production  of  glycerol  depends  largely  on  the  nutritive 
powers  of  the  solution.  High  nutrition  increases  the  yield,  but  it 
seems  to  have  no  correlation  with  the  production  of  alcohol. 
Schweizer's  most  successful  ex]>erimcnts  were  carried  out  with  the 
addition  of  sodium  sulphite  as  a  reducing  agent,  it  having  been  found 
that  this  is  favorable  to  the  ])roduction  of  glycerol.  The  following 
experiment  is  given.  Fifty  grammes  of  sucrose  were  dissolved  in 
5CX)  c.c.  of  water,  10  grammes  of  pressed  yeast  added,  and  then  30 
grammes  of  sodium  sulj)hite  in  three  portions.  After  twenty-four 
hours'  fermentation  the  glycerol  i)roduccd  amounted  to  18.72  per 
cent,  of  the  sucrose  used.  It  is  not  stated  whether  the  sodium  sul- 
})hite  was  crystalHzed  or  anhydrous,  but  ])robably  it  was  the  former. 
A  similar  ex])€riment  carried  out  with  active  aeration  gave  only  half 
the  yield  of  glycerol.  .Schweizer  states  that  the  method  was  used  by 
the  Central  Emjjires  as  a  source  of  glycerol  on  account  of  the  short- 
age of  fats.  No  biologic  examinations  of  the  yeasts  are  recorded, 
nor  is  any  statement  made  as  to  ])ro(luction  of  glycerol  from  the 
cheaper  carbohydrates.  An  interesting  field  of  research  must  he 
offered  along  this  line.  11.  L. 


AIR  FLOW  OVER  REAR  DECK  OF  BATTLESHIP 
PENNSYLVANIA/^ 

r.v 
A.  F.  ZAHM,  Ph.D. 

Bureau  of  Construction  and  Repair,  Navy  Departnlent. 

In  January.  19 18,  the  Navy  model  of  the  battleship  Pcnn- 
sxh-ania  was  tested  in  the  8'  x  8'  wind  tunnel  to  determine  aero- 
dynamical and  structural  conditions  suitable  for  landing  light 
airplanes  upon  the  after-deck  of  the  full-scale  ship.  The  model 
was  tested  first  in  its  natural  condition,  then  with  a  shelving  deck 
placed  above  the  rear  part  in  a  manner  presently  to  be  described. 

The  experiments  here  outlined  were  made  by  Messrs.  R.  H. 
Smith.  W.  H.  Gornall  and  G.  J.  Chaillet;  the  illustrations  were 
prepared  by  Mr.  M.  T.  Birch — all  members  of  the  Aeronautics 
Staff.  Major  B.  L.  Smith.  U.  S.  M.  C,  indicated  what  explora- 
tions should  be  made  and  under  what  conditions. 

TEST   OF   MODEL   IN   ITS   NATURAL    CONDITION. 

Battleship  and  Original  Model. — Fig.  i  gives  the  general  ap- 
pearance of  the  Pennsylvania  model  constructed  to  a  scale  of  i  in 
48.  The  chief  dimensions  of  the  ship  are :  length  600  feet,  beam 
97  feet,  height  of  the  rear  deck  above  the  water  line  25  feet. 

Method  of  Test. — The  unaltered  model  was  first  placed  up- 
right on  the  floor  of  the  tunnel,  so  that  its  plane  of  symmetry  was 
midway  between  the  side  walls,  and  its  rear  deck  was  under  the 
window  in  the  tunnel  ceiling,  where  it  could  easily  be  observed 
and  photographed.  The  speed  of  the  general  air  stream  was  then 
held  at  30  miles  per  hour,  and  the  velocity  about  the  model  was 
measured  with  a  pitot-tube  held  in  the  vicinity  of  the  stern  at 
distances  corresponding  to  20-foot  intervals  horizontally  rear- 
ward, and  5,  15,  and  25  feet  vertically,  above  the  main  deck  of  the 
full-sized  craft.  Table  I  and  Fig.  2  give  the  wind  speed  and  the 
lines  of  equal  velocity  at  these  stations;  first  in  the  plane  of  sym- 
metry, then  in  a  parallel  plane  24  feet  from  it. 

Fine  steel  wires  were  then  strung  across  the  tunnel  at  rear- 

*  Communicated  by  the  Author. 
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Model  of  Peniisylvntiii. 

Fig.  2. 


WIND 


SIDE  VIEW 

scallop  model 
Va--\  0 


JslOTE.  TABLE  OlVEb  WIND  SPEED  AT 
STATIONS  INDICATED  BY  NUMBER 
SHOWN  THUS  O 
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Flow  over  rear  dcik  of   Pennsylvania  at  ,<()  M.I'.H. 
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ward  distances  corresponding  to  48  feet  on  the  full-size  craft, 
and  to  these  were  moored,  at  8-foot  intervals,  short  silk  threads, 
as  portrayed  in  Fig.  3.  With  long  fluttering  threads  cleaner 
photographs  were  obtained  by  stopping  the  wind  after  the  threads 
had  assumed  their  natural  positions.  Fig.  4  illustrates  the  direc- 
tion of  flow,  thus  observed,  in  three  horizontal  planes  whose  dis- 
tances above  the  rear  deck  were,  respectively,  24,  36  and  48  feet. 
The  model  was  then  held  with  its  plane  of  symmetry  hori- 
zontal, its  deck  under  the  ceiling  window,  and  its  base  screwed  to 
planking  parallel  to  the  side  wall.    The  same  general  scheme  was 

Table  I. 

Battleship  Pennsylvania  Model.  Velocity  of 
Air  over  Rear  Deck  and  Stern.  Wind 
Speed  30  Miles  per  Hour. 


1 

Air  speed  in  miles  per  hour  at  various 

1 

stations 

Station 

In  vertical  plane 
through  centre  line 

In  vertical  plane 

24  feet  to  left   of 

centre  line 

I 

"•5 

20.4 

2 

12.2 

19.I 

3 

II. I 

4 

10.6 

5 

9-9 

6 

14.6 

24.6 

7 

14. 1 

22.4 

8 

137 

234 

9 

13-3 

10 

16.3 

25-1 

II 

16.5 

257 

12 

14.9 

254 

employed  for  observing  the  flow ;  first  in  the  plane  of  symmetry, 
then  in  a  parallel  plane  24  feet  distant  on  the  port  side,  as  shown 
in  Fig.  4  and  Fig.  5. 

Results. — The  equal-velocity  lines  in  Fig.  2  and  the  direction 
lines  in  Fig.  4  show  a  pronounced  interruption  of  the  airflow  near 
the  deck,  due  mainly  to  eddies  set  up  by  the  rear  turret.  This 
disturbance  is  unchanged  when  the  rear  turret  is  swung  through 
90^.  as  illustrated  by  Fig.  6. 

Conclusion. -^Difficulty  would  be  experienced  in  landing  air- 
planes in  the  disturbed  air  over  the  rear  deck  of  the  Pennsylvania 
battleship  in  its  unaltered  condition.     A  shelving  deck  above  the 
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plane  of  the  rear  turret  would  insure  a  smoother  flow  of  the  air. 
It  was, therefore, requested  that  such  a  deck  be  added  to  the  model 
and  given  a  test  in  the  tunnel. 

TEST    OF    THE    MODEL    PROVIDED    WITH    SHELVING    DECK. 

The  Shelving-Deck  Model. — The  original  model  was  now 
tested ;  first  with  a  small  shelf  deck,  then  with  a  larger  one.  In  the 
scale  of  the  full-size  craft  these  measured,  respectively,  80'  x  120' 
and  100'  X  180'.     The  smal'er  shelf  deck  was  placed  5  feet  above 


Fig.  3. 


Short  threads  over  rear  deek  of  I'finiv.lvcniia  model. 


the  main  deck,  and  extended  from  a  point  just  under  the  guns  of 
the  rear  turret  to  a  point  just  over  the  stern.  The  larger  deck- 
was  10  feet  above  the  main  deck  and  extended  from  the  mast, 
rearward,  over  both  turrets  and  over  the  stern. 

Method  of  Test. — Substantially  the  same  method  of  (racing 
the  direction  of  the  airflow  was  used  with  the  model  having  the 
shelving  deck  as  with  the  original  one.  Fig.  7  .shows  the  arrange- 
ment of  the  wires  and  the  general  appearance  of  the  larger  tleck. 
The  wind  speed  for  these  latter  tests  was  20  miles  per  hour. 

Results.    ~V']ir.  8  re\e;ds  a  continued  distm'baiice  of  a  miniM" 
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Fu-..  4. 


DECK  VIEW  ^ 

Direction  of  air  flow  over  rear  deck  of  Pennsylvinia  model. 

Fig.  5. 


Stream-line  threads  in  plane  of  symmetry  over  rear  of  Pennsylvania  model,  lying  on  its  side. 
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Flow  over  rear  deck  of  Pennsylvania,  with  rear  turret  set  athwart  ship. 


Fig.  7. 


Shelving  deck  and  threads  over  rear  ol  I'enHsylvanui  model. 
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Fig.  8. 


DECK  VIEW 

SCALE  OF  MODEL  /4  =  1  -0" 

Direction  of  flow  over  shelf  No.  i  at  rear  of  Pennsylvania  model. 

Fig.  9. 


MAST 


DECK  VIEW 

SCALE  OF  MODEL  /4  =  1   0 

Direction  of  f.ow  over  shelf  No.  2  at  rear  of  Pennsylvania  model. 
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Air  flow  in  plane  of  symmetry  over  rear  shelf-deck  of  Pennsylvania  model,  lying  on  its  side. 
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DECK  VIEW  SCALE   OF  MODEL     j^^fO 

Direction  of  flow  over  shelf  deck  al    nar  cif   l'i-iiiis\lva)iiii   niddcl. 
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character  at  a  level  15  feet  above  the  main  deck  of  the  ship  when 
furnished  with  a  smaller  shelf  deck.  This  is  probably  due  to 
irre^ilar  flow  around  the  hull  of  the  ship.  Fig.  9  outlines  the 
direction  of  flow  above  the  larger  shelf  deck,  in  a  plane  35  feet 
above  the  main  deck,  and  indicates  a  slight  tendency  of  the  air 
stream  to  spill  over  the  sides  of  the  shelving  deck.  The  ample 
beam  of  the  vessel  insures  a  uniform  air  stream  broad  enough 
to  afford,  with  either  shelf,  a  favorable  directional  flow  for  land- 
ing small  craft  upon  the  ship. 

Further  Data. — In  a  subsequent  test,  tnaps  of  the  airflow  with 
the  shelf  deck  in  position  were  determined  at  30  miles  an  hour 
for  the  plane  of  symmetry  of  the  vessel,  and  for  a  parallel  plane 
half  way  out  to  the  edge  of  the  shelf  on  the  port  side.  It  was 
assumed  that  the  flow  in  the  corresponding  plane  on  the  starboard 
side  would  be  the  same.  The  large  shelf  deck  described  in  this 
account  was  used. 

Figs.  10  and  1 1  show  the  streamlines  for  these  two  planes. 
The  full  lines  of  the  diagram  indicate  that  the  flow  is  fairly  level 
and  imiform  in  the  planes  at  either  side  of  the  centre  line.  In 
the  plane  of  symmetrs-  the  flow,  indicated  by  the  dotted  lines,  is 
considerably  less  uniform  in  speed  and  direction.  It  would  appear 
from  this  that  the  poise  of  the  airplane  would  be  steadiest  when 
flying  along  the  centre  line,  and  not  very  steady  when  flying  to 
either  side  thereof. 

Concrete  Freight  Car.  (Machinery,  vol.  xxv,  No.  12,  p.  11 14, 
August.  1919.) — The  first  plans  for  the  manufacture  of  reinforced 
concrete  freight  cars  dates  from  1909,  when  a  patent  for  such  a  car 
was  grranted.  Recently,  however,  a  car  of  the  gondola  type  was 
built  by  a  western  concern  and  tested  under  service  conditions.  The 
tests  of  the  car,  both  empty  and  loaded,  demonstrated  its  practi- 
cabilit}-  for  rough  service.  In  the  test  without  a  load,  it  withstood 
extremely  rough  handling  and  switching.  Then  the  car  was  loaded 
with  fifty-tive  tons  (10  per  cent,  overload)  of  sand  and  turned  over 
to  a  switching  crew  for  service  handling,  which  it  also  withstood 
without  injury.  .Some  advantages  claimed  for  the  concrete  car  are 
that  it  will  not  need  painting,  will  practically  eliminate  maintenance 
charges,  and  will  last  much  longer  than  the  wooden  car.  As  it  is 
unaffected  by  its  cargo,  it  is  better  adapted  for  hauling  slag  and 
ashes  than  a  steel  car.  Plans  are  said  to  be  under  way  for  the 
quantity  manufacture  of  these  cars.  The  first  one  was  built  with 
the  cooperation  of  the  United  States  Railroad  Administration,  which 
is  an  indication  that  extensive  production  may  not  be  delayed  very 
long. 
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Increased  Efficiency  Taught  by  the  War.  {Machinery,  vol. 
XXV,  No.  12,  p.  1 129,  August,  19 19.) — The  war  has  undoubtedly 
taught  an  important  lesson  in  regard  to  the  increasing  of  efficiency  in 
machine  building  plants.  There  are  numerous  cases  on  record  where 
to-day  manufacturers  are  turning  out  a  much  larger  product  than 
five  years  ago  with  the  same  force  and  equipment.  The  production 
per  man  and  machine  has  been  increased  by  stopping  many  small 
leaks.  In  one  instance  on  record,  more  machines  are  being  built  by 
a  force  75  per  cent,  of  the  normal  than  were  formerly  built  by  the 
full  force.  In  another  instance,  the  production  is  being  maintained 
by  a  force  two-thirds  that  of  five  years  ago.  Another  case  may  be 
mentioned  where  the  production  has  been  doubled  without  materially 
increasing  either  the  force  or  the  equipment.  It  is  evident  that  such 
economies  and  increased  efficiency  are  necessar\'  in  order  to  cope 
with  the  increasing  wages,  taxes,  and  costs  generally. 

The  advantages  of  salvaging  small  tools  such  as  milling  cutters 
and  reamers  seem,  however,  to  have  been  forgotten  with  the  advent 
of  peace.  The  shops  in  the  Detroit  district  that  devoted  themselves 
to  this  class  of  work  report  that  the  reclaiming  business  is  quite  dull 
and  that  at  the  present  time  only  new  tools  are  wanted  and  no  one  is 
paying  any  attention  to  the  saving  made  possible  by  salvaging.  Some 
manufacturers  who  devoted  themselves  to  the  salvaging  of  reamers 
and  milling  cutters,  therefore,  have  gone  into  the  regular  cutter  and 
reamer  manufacturing  business.  Whether  there  is  not  a  definite 
economic  loss  to  the  nation  as  a  whole  in  the  dropping  of  the  salvag- 
ing business  is  difficult  to  decide,  because  it  is  evident  that  with  the 
reduction  in  the  prices  of  high-speed  steel  the  saving  by  salvaging 
becomes  less,  but  it  is  nevertheless  likely  that  a  substantial  saving 
could  be  effected  if  users  of  tools  utilized  the  salvaging  processes. 
A  comparison  between  the  conditions  at  this  time  and  during  the  war 
in  regard  to  the  salvaging  of  tools  would  prove  interesting. 

Burnt  Clay  in  Concrete  Ships.  ( United  States  Geological  Sur- 
vey Press  Bulletin  Mo.  iiy,  July.  1919.) — Burnt  clay  was  used  in 
1918  for  the  first  time  as  an  aggregate  for  concrete  in  building  ships. 
The  war  made  it  imi)erativc  that  steel  be  conserved  as  nuich  as  jKts- 
sible,  and  the  experiment  of  building  seagoing  shi])s  of  concrete  was 
undertaken.  It  became  necessary  to  make  the  concrete  as  light  in 
weight  as  possible,  so  various  light  materials,  including  pumice,  were 
triefl.  An  aggregate  made  of  burnt  shale  or  clay  proved  to  be  a  very 
acceptable  subs'ilute  for  slonc  and  s^navel  in  concrete,  and  its  use 
reduced  the  weight  per  cubic  foot  from  alx)ut  150  pounds  to  118 
pounds  or.  in  some  mixtures,  even  to  ion  ]>ounds.  This  aggregate 
was  made  near  Birmingham.  Ala.,  at  Hannibal.  Mo.,  and  at  Los 
Angeles,  Calif.  Its  manufacture  was  not  begun  until  late  in  the 
year,  but  enough  was  made  to  construct  a  3000-ton  concrete  ship, 
the  Atlantis,  which  was  launched  in  December  at  Brunswick,  Ga. 


SPECTRAL   ENERGY   DISTRIBUTION   IN  THE 
ACETYLENE  FLAME.* 

BY 

W.  W.  COBLENTZ,  Ph.D. 

Associate  Physicist.  Bureau  of  Standards. 

Ix  previous  papers  the  writer  '  published  data  on  the  spectral 
energy  distribution  of  the  acetylene  flame. 

In  one  of  these  papers  '  an  estimate  is  given  of  the  accuracy 
attainable  in  making  the  observations.  It  is  based  upon  the 
deviations  of  the  observations  from  the  mean  value;  and  it  is 
shown  that  whereas  in  the  red  end  of  the  spectrum  an  accuracy 
of  0.5  per  cent,  is  attainable  (provided  the  flame  stays  constant) 
that  an  accuracy  of  10  per  cent,  is  hardly  attainable  in  the  violet. 
L'n fortunately  no  mention  was  made  of  the  difficulties  and  uncer- 
tainties in  reducing  these  observed  data  from  the  prismatic  into 
the  normal  spectrum.  The  purity  and  slit  width  factors  were 
probably  accurate  to  i  per  cent.  The  greatest  uncertainty  was 
the  correction  for  absorption  in  the  glass  prism  or  the  silver  mir- 
rors (or  both)  in  the  violet  end  of  the  spectrum.  Corrections 
must  be  made  also  for  diffuse  light. 

To  overcome  the  difficulties  of  absorption  a  spectrometer, 
consisting  of  a  quartz  prism  and  two  plano-convex  lenses,  was 
used  for  measurement  in  the  violet.  Not  being  achromatic,  a 
correction  had  to  be  made  for  change  in  aperture,  with  change 
in  focal  length  for  different  parts  of  the  spectrum.  A  recent 
examination  shows  that  the  published  data  were  probably  over- 
corrected  (in  the  violet)  for  change  in  aperture;  and  the  utility 
of  such  an  instrument  for  making  such  measurements  is  to  be 
questioned. 

The  spectral  energy'  data  published  by  the  writer  ^  were 
obtained  from  a  composite  curve  consisting  of  measurements 
from  0.5/A  to  75/A  made  (first)  with  a  mirror  spectrometer  and 
fluorite  prism,  and  (second)  a  glass  lens  spectrometer  with  flint 
glass  prism  (the  absorption  of  which  has  been  determined),  sup- 
plemented by  measurements,  from  0.4^1  to  0.5/1*,  made  with  (third) 
the  quartz  lens  spectrometer  just  mentioned. 

*  Communicated  by  the  .Author. 

'  Coblentz,  Bui.  Bur.  Stds.,  7,  p.  253,  191 1 ;  13,  p.  355,  1916. 

*  Bui.  Bur.  Stds.,  7,  p.  252,  1916. 
*Bul.  Bur.  Stds.,  13,  p.  355,  1916. 
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Inspection  of  the  published  curve  "*  ilkistrating  these  data 
shows  a  divergence  in  the  region  of  0.48/x.  Computations  made 
at  that  time  indicated  that  for  the  region  of  0.48/t  to  0.75/i.  the 
spectral  energy  distribution  was  that  of  a  black  body  at  about 
2icx)°  C.  (2370°  K. );  though  at  that  time  no  significance  was 
attached  to  it,  and  hence  no  mention  was  made  of  the  fact. 

The  data  presented  in  the  present  paper  are  based  upon  a 
careful  study  of  the  original  spectral  energy  curve.  Some  of 
the  deviations  noted  in  columns  2  and  3  of  Table  I  resulted  from 
variations  in  reading  the  data  from  the  curves.  The  data  at  0.4/^ 
td  0.5/i.  obtained  with  the  quartz  prism  are  now  given,  but  little 
weight,  owing  to  the  question  of  aperture  correction.  The 
revised  data  are  given  in  column  3.  while  column  2  gives  the 
data  as  previously  published.  They  are  practically  the  same 
except  in  the  violet. 

In  a  recent  inter-laboratory  comparison,  by  color  matching  the 
acetylene  flame  against  a  tungsten  lamp,  Hyde  and  his  collabora- 
tors ^  have  placed  the  color  temperature  of  the  Eastman  Kodak 
standard  acetylene  flame  at  2360°  K.  Within  the  experimental 
errors  of  observation  the  spectral  energy  distribution  of  several 
series  of  observations  of  this  flame  was  found  to  be  the  same 
as  that  of  the  burner  (with  8  mm.  slit)  used  by  the  writer  in 
the  visibility  of  radiation  measurements. 

The  spectral  energy  curve  of  a  black  body  of  2360''  K.  was 
kindly  computed  by  Mr.  Herbert  Kahler  and  carefully  superposed 
upon  the  observed  data,  using  a  scale  which  was  sufficiently  large 
to  eliminate  errors  (0.5  per  cent.)  in  drawing  the  curves  and 
reading  off  the  data.  These  data  are  given  in  column  4.  Column 
5  gives  the  ratios  of  observed  to  computed  data  for  2360''  K.  It 
will  be  noticed  that  between  0.48/i.  and  o.y^ft-,  which  is  the  region 
in  which  the  radiometric  measurements  are  of  importance  in  the 
visibility  of  radiation  work,  there  is  as  close  agreement  (  +  2  per 
cent.)  between  the  c()m])utc(l  and  observed  data  as  can  be 
expected — for,  when  the  errors  incident  to  color  match  as  well  as 
radiometric  observations  are  considered,  it  will  no  doubt  be 
conceded  that  the  color  match,  as  well  as  the  radiometric  work, 
has  its  limitations. 

While  the  writer  tnakes  mental  reservations  as  to  the  efficiency 

*  Bui.  Bur.  Stds.,  13,  p.  361,  Fig.  3. 
'This  JmiKNAi.,  188.  p.  129,  IQIQ. 
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of  the  color  match  test  in  the  extreme  violet  of  the  spectrum 
where  the  eye  is  very  insensitive,  and  subject  to  great  decrease  in 
sensitivity  with  age,  he  concurs  in  the  recommendation  made  by 
Hyde  that  the  spectral  energ}-  distribution  of  the  acetylene  flame 
(using  a  certain  type  of  burner)  in  the  visible  spectrum  is  satis- 
factorily represented  by  the  black  body  curve  at  2360°  K.,  as 
given  in  Table  I.     A  difference  of  10^  or  even  50°  K.  is  hardly 

T.\BLE    I. 

Spfctral  Energy  Transmission  of  a   Cylindrical  Acetylene  Flame;     Observed  and 
Computed  Using  Wien's  Eq.,  C  =  14350  and  T  =  236o°  K. 


Wave 

length 

E 
Observed 
1911-1916 

E 

Revised 

1919 

E' 
Computed 

looE' 
E 

450 

"5 

10. 

9.2 

'    .     92. 

.460 

13  0 

12. 

n  .2 

93^ 

•475 

16.0 

150 

14.6 

97-3 

.500 

21.9 

21.0 

21 .1 

100.5 

520 

27.9 

275 

273 

99  3 

525 

29  5 

29.2 

29.2 

100. 0 

540 

35  0 

34-6 

34  6 

100. 0 

550 

38.9 

38 -9 

38.9 

•   .998 

560 

42.9 

42.9 

43-1 

100.4 

•575 

49  8 

49.8 

49  9 

100.2 

580 

522 

52.2 

52.4 

100.3 

600 

62.1 

62.5 

62.9 

100.6 

620 

73  0 

73-3 

74  0 

lOI  .1 

625 

75  7 

76.1 

76.8 

100.8 

640 

84.7 

85.0 

86.0 

lOI  .  I 

650 

91. 1 

91.2 

92.1 

lOI.O 

660 

97  4 

97  6 

98.5 

100.7 

675 

107  5 

107  5 

108.0 

100.4 

680 

no. 9 

no. 9 

III. 3 

100.7 

700 

124.6 

124. 1 

124. 1 

100. 0 

720 

138.5 

135  7 

137-2 

99  8 

725 

141. 9 

141 .0 

140  5 

99  6 

740 

152.0 

151. 0 

150.2 

99  5 

•750         i 

158.9 

157  9 

157-2 

99  5 

to  be  considered  in  view  of  the  great  divergence  in  burners,  the 
effect  of  humidity,  quality  of  gas,  etc. 

The  independent  check  by  Hyde  and  his  collaborators  con- 
firms the  direct  radiometric  observations  on  the  spectral  energy 
distribution  of  the  acetylene  flame,  in  the  region  of  o.z^ti  to  0.75/^, 
as  used  in  the  visibility  of  radiation  work  and  leaves  the  visibility 
data  ®  unchanged. 

Washington,  D.  C, 
July  24,  1919, 

*  Bui.  Bur.  Stds.,  14,  p.  168,  1917. 
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Dycstuffs  by  New  Methods.  {Weekly  News  Letter,  U.  S. 
Department  of  Agriculture,  vol.  vi,  No.  51,  p.  4,  July  23,  1919.)  — 
Cheaper  proceses  for  the  manufacture  of  a  number  of  dyestuffs 
and  medicinal  preparations  will  result,  it  is  believed,  from  discov- 
eries made  by  experts  of  the  United  States  Department  of  Agricul- 
ture who  have  been  investigating  ways  of  making  certain  sulphonic 
acids.  With  a  view  to  helping  the  chemical  industry  of  the  countr)^ 
the  department  is  offering  to  cooperate  with  manufacturers  in  estab- 
lishing the  process  on  a  commercial  scale.  The  expenses  of  installa- 
tion are  to  be  borne  by  the  manufacturing  concerns  cooperating. 
Experts  of  the  color  laboratory  of  the  Bureau  of  Chemistry  will 
be  assigned  to  the  plants  and  will  assume  control  of  the  undertaking. 

In  all  such  undertakings,  the  stipulation  will  be  made  by  the 
department  that  the  manufacturing  concern  is  not  to  divulge  any- 
thing pertaining  to  the  original  process  or  to  any  that  may  be  devel- 
oped later,  but  that  the  right  to  patent  any  or  all  of  these  remains  in 
the  Department  of  Agriculture,  these  patents,  if  they  are  allowed,  to 
be  dedicated  to  the  free  use  of  the  Government  and  the  public. 

In  the  laboratory  experiments  the  sulphonation  of  a  number  of 
hydrocarbons  has  been  studied  and  in  some  cases  the  laboratory 
work  has  reached  a  stage  that  large-scale  experiments  are  necessary 
to  prove  the  value  of  the  process.  The  work  on  benzene  is  most 
advanced.  Sulphonated  benzene  is  used  in  the  manufacture  of 
resorcinol  and  of  synthetic  phenol.  The  laboratory  work  on  the 
sulphonation  of  other  hydrocarbons  is  nearing  completion. 

Durability  of  Untreated  Piling  Above  Low  Tide.  (Technical 
Notes,  Forest  Products  Laboratory,  Madison,  Wisconsin.) — In  tidal 
waters  the  portions  of  piles  above  mean  low  tide,  although  com- 
pletely immersed  only  part  of  the  time,  may  be  practically  saturated 
all  the  time.  Wood  constantly  saturated  with  water  is  not  subject 
to  decay,  anrl  this  fact  makes  the  height  to  which  saturation  extends 
above  low  tide  a  question  of  considerable  interest  to  the  designing 
engineer. 

The  opinion  of  a  number  of  engineers  and  construction  com- 
panies, expressed  in  response  to  inquiries  by  the  Forest  Products 
Laboratory  at  Madison,  Wis.,  is  that  untreated  piling  in  water  not 
infested  with  marine  wood-borers  will  remain  sound  indefinitely  if 
cut  off  at  half-tide.  This  height  ranges  in  various  ports  from  2.3 
to  4.5  feet  above  low  water.  y\t  certain  places  on  the  Atlantic 
coast,  j>iles  cut  off  at  the  height  of  half-tide  are  still  sound  after 
from  fifty  to  one  himdred  years  of  service. 

Untreated  piling  is  destroyed  by  marine  borers  more  rapidly  than 
by  decay,  and  the  information  given  would,  of  course,  have  no  prac- 
tical use  where  these  organisms  are  active. 


NOTES  FROM  THE  U.  S.  BUREAU  OF  STANDARDS.- 


TESTS  OF  EIGHTEEN  CONCRETE  COLUMNS  REINFORCED 
WITH  CAST  IRON.' 

[abstract.] 

The  columns  were  made  by  Mr.  L.  J.  Mensch,  Contracting 
Engineer,  of  Chicago,  and  tested  in  the  Pittsburgh  Laboratory  of 
the  Bureau  of  Standards.  Although  such  columns  have  been  in 
use  abroad  for  several  years  the  tests  under  discussion  are  the  first 
of  this  type  which  have  been  made  in  America. 

These  columns  were  12  inches  in  diameter  (inside  ij/^-inch 
pitch.  8-guage  wire  spiral)  and  were  reinforced  longitudinally 
with  steel  rods  and  cast-iron  tubes.  The  cast-iron  tubes  located 
in  the  centre  of  the  columns  varied  in  outside  diameter  from  5 
to  7  inches  with  wall  thickness  of  ^  to  i  inch.  The  column 
lengths  varied  from  6  to  14  feet.  Tests  were  made  on  samples 
of  the  cast  iron ;  also  on  the  concrete  used  which  was  proportioned 
by  volumes  and  consisted  of  one  part  cement,  one  part  sand,  and 
two  parts  gravel,  hand-mixed. 

The  behavior  of  these  columns  under  loading  was  similar  to 
that  of  the  ordinary  type  of  steel-reinforced  columns.  Incipient 
failure  was  in  all  cases  accomplished  by  scaling  of  the  outer  shell 
which  finally  spalled  off  at  the  surface  of  the  spiral.  This  was 
followed  by  failure  in  tension  of  the  spiral  reinforcing  at  the 
maximum  load  sustained  by  the  column.  The  protective  shell 
outside  the  spiral  fails  at  a  strain  of  .0014s  (ave.).  This  is  the 
same  strain  at  which  the  test  cylinder  failed. 

The  maximum  strength  of  the  column  is  not  quite  equal  to  the 
streno^th  of  the  cast-iron  reinforcement  tested  independently  plus 
the  strength  of  the  usual  type  of  spirally  reinforced  column.  The 
cast-iron  reinforced  column  has.  however,  a  much  less  area  of 
concrete. 

The  columns  commenced  to  scale  at  70.4  per  cent,  (ave.)  of 
the  maximum  load.    Tw'o  columns  of  the  same  series  without  cast 


*  Communicated  by  the  Director. 
'  Technical  paper  122. 
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iron  commenced  to  scale  at  89.9  per  cent,  (ave.)  of  the  maximum. 
The  average  maximum  total  load  sustained  by  the  various  types 
reinforced  with  cast  iron  and  of  the  same  length  (10  feet)  as 
the  two  plain  spiral  reinforced  columns  was  81.5  per  cent,  greater 
than  was  sustained  by  the  plain  spiral  columns.  Filling  the  hollow 
core  of  the  cast-iron  tubes  apparently  adds  6500  pounds  for  each 
square  inch  of  cross  section  thus  filled.  Varying  the  radius  of 
gyration  of  the  cast-iron  tubes,  the  net  cross  section  area  remain- 
ing constant  does  not  apparently  affect  the  ultimate  strength  of 
the  column.  Cast-iron  I  sections  were  used  instead  of  tubes  in 
two  of  the  columms,  the  results  comparing  favorably  with  the  tube 
columns  having  the  same  percentage  of  cast  iron. 

The  following  formula  for  variation  of  strength  with  length  is 
derived  from  these  tests : 

—=  12,150  —  20  I,  in  which 

P  =  mean  stress  upon  total  area  of  column  inside  the  spiral. 
A  =  total  area  as  above. 
I  =  length  of  column  in  inches. 

In  view  of  the  general  behavior  of  spirally  reinforced  col- 
umns just  preceding  failure  it  is  suggested  that  a  superior  type 
might  be  developed  if  the  protective  shell  outside  the  spiral  were 
applied  after  the  column  has  been  cast  and  the  forms  removed. 
This  shell  should  be  of  some  material  possessing  the  necessary 
heat  insulating  qualities  and  the  ability  to  withstand  without  fail- 
ure a  considerably  greater  strain  than  .0015  (the  strain  at  which 
unreinforced  concrete  fails).  This  method  of  construction  would 
also  make  possible  a  much  greater  accuracy  in  the  placing  of  the 
spiral. 

The  complete  report  of  these  tests  contains  numerous  tables, 
photographs  and  diagrams  with  a  discussion  of  the  design  of  the 
columns  and  the  results  obtained. 


NOTES  FROM  THE  U.  S.  BUREAU  OF  CHEMISTRY.* 


ILEX  VOMITORIA  AS  A  NATIVE  SOURCE  OF  CAFFEINE/ 

Frederick  B.  Power  and  Victor  K.  Chesnut. 
[abstract.] 

Search  for  a  native  source  of  caffeine  has  demonstrated  that 
an  abundant  supply  may  be  obtained  from  a  native  plant,  Ilex 
vomitoria,  Aiton.  Assays  -  by  a  method  developed  by  the  authors 
showed  the  presence,  in  most  cases,  of  about  i  to  1.5  per  cent,  of 
caffeine  in  dried  leaves.  Although  considerable  differences  in  the 
caffeine  content  of  the  leaves  of  the  plant  have  been  found  to 
exist,  these  are  doubtless  attributable  to  varying  conditions  of 
soil  and  climate.  It  would,  therefore,  appear  that  by  the  cultiva- 
tion of  the  shrub  under  the  most  favorable  conditions  the  supply 
of  material  for  the  production  of  caffeine  could  be  increased  to 
any  desired  extent. 

So  far  as  has  at  present  been  ascertained  no  other  North 
American  species  of  Ilex  than  that  above  mentioned  contains 
caffeine,  and  this  substance  is  not  contained  in  the  leaves  of  the 
European  holly,  Ilex  aquifolium,  Linne. 


Blasting  Dov^rn  Chimneys.  {Engineering  World,  vol.  xv,  No.  3, 
p.  49,  August  I,  1919.) — Following  is  a  method  for  blasting  down 
chimneys  that  has  been  found  effective  by  many  engineers.  First, 
remove  half  a  brick  in  one  corner  of  the  chimney  at  the  floor  level. 
Crumble  a  pound  of  dynamite  and  pack  it  tightly  into  the  back  of  the 
hole.  Insert  a  cap  and  fuse  in  the  charge.  Fill  the  hole  with  wet 
sand  and  pile  more  wet  sand  out  on  the  floor,  covering  the  hole 
entirely  to  the  depth  of  about  i  foot.  Pack  the  sand  down  tight  so 
as  to  get  as  much  resistance  to  the  dynamite  as  possible.  One  shot 
will  topple  over  the  chimney  as  a  rule.  If  the  first  shot  only  weakens 
the  structure,  however,  remove  another  half  brick  at  the  opposite 
corner  and  repeat  the  operation.  The  second  shot,  it  is  claimed, 
never  fails. 

*  Communicated  by  the  Chief  of  the  Bureau. 

'  Published  in  /.  Amer.  Chem.  Soc,  41,  1307-12,  August,  1919. 

* "  An  Improved  Method  for  the  Quantitative  Determination  of  Caffeine 
in  Vegetable  Material."  Frederick  B.  Power  and  Victor  K.  Chesnut,  /.  Amer. 
Chem.  Soc,  41,  1298-1306,  August,  1919. 
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Prospects  of  Re-habilitation  in  Germany.  (In  the  August  issue 
of  The  Journal  of  Industrial  and  Engineering  Chemistry.) — Cor- 
poral Richard  D.  Zucker,  a  member  of  the  American  Chemical 
Society,  and  at  the  time  of  writing,  with  Army  of  Occupation  in 
Germany,  presents  his  views  as  to  the  probabilities  of  early  re- 
habilitation of  the  German  industrial  activities.  These  depend, 
he  says,  largely  on  opportunites  to  get  certain  classes  of  raw 
materials,  such  as  copper,  tin,  nickel,  cotton,  rubber,  gums,  essen- 
tial and  fixed  oils.  Lead  and  zinc  are  in  good  supply  within  the 
nation,  but  the  bauxite  deposits  upon  which  the  aluminum  in- 
dustry depended  formerly  are  mostly  in  French  territory,  and  it  is 
doubtful  if  France  will  allow  free  purchase,  and  further,  the 
United  States  and  Canada,  well  supplied  with  the  mineral,  will 
prove  powerful  competitors.  Zucker  calls  attention  to  the  fact, 
which  must  never  be  forgotten  in  discussing  the  German  problem, 
namely,  that  the  dye-stuff  industry  can  be  converted  at  short 
notice  into  a  high  explosive  and  poison-gas  industry. 

One  thing  which  Germany  fears  in  a  commercial  way  is  the 
competition  of  Japan.  Since  1913.  Japan's  exports  to  Australia 
alone  increased  eight-fold.  There  is  a  bitter  feeling  on  account 
of  the  strides  that  Japan  has  taken  in  the  export  of  toys,  fancy 
wares,  etc.,  to  the  United  States,  South  America,  Australia,  and 
Europe.  The  fact  that  Germany,  being  closely  engaged  in  war- 
fare, gave  Japan  an  excellent  opportunity  to  expand  her  business 
connections,  now  causes  Germany  to  ap])ly  the  term  "  Yellow 
Peril  "  to  the  industries. 

Corporal  Zucker's  observations  lead  him  to  suspect  that  the 
present  leaders  of  Germany  have  not  wholly  abandoned  the  dream 
of  world  domination,  and  that  vigilance  will  be  the  only  way  in 
which  the  world  can  escape  another  colossal  effort  to  establish 
the  "  Deutschtum  "  and  impose  "  Kultur  "  on  mankind. 

H.  L. 

War  and  the  Railways.  {The  Baldwin  Locomotive  Works, 
Record  No.  pj,  1919.) — After  winning  one  of  the  greatest  battles 
of  the  war,  General  JofFre  is  reported  to  have  said:  "This  is  a 
railway  war.  The  battle  of  the  Marne  was  won  by  the  railways 
of  France."  And  while  this  statement  may,  at  first  sight.  ai)pear 
to  be  extreme,  it  is  literally  true  ;  for  success  or  defeat,  in  a  pres- 
ent-day battle,  dei)ends  chiefly  upon  the  rapidity  with  which  large 
masses  of  men  can  be  moved  and  the  guns  served  with  ammuni- 
tion ;  and  this  must  be  accomplished  by  the  railways,  aided  by 
motor  trucks.  The  amount  of  ammunition  expended  during  a 
period  of  intensive  fighting  has  been  almost  beyond  comprehen- 
sion. In  the  attack  and  defense  of  Verdun,  for  example,  approxi- 
mately 60.000.000  shells.  re])rescnting  3.000.000  tons  of  steel,  were 
expended  in  ihirly  weeks;  and  the  railways  moved  the  greater  part 
of  this  material  to  the  firing  line. 


NOTES  FROM  THE  RESEARCH  LABORATORY  WEST- 

INGHOUSE  ELECTRIC  AND  MANUFACTURING 

COMPANY.* 


WIRE  TESTING  EXTENSOMETER. 
By  P.  H.  Brace. 

An  extensometer  for  testing  wire  and  other  thin  sections 
has  been  developed  at  this  laboratory.  It  consists  essentially 
of  a  metal  block  to  which  two  flexible  side  pieces  are  attached, 
the  free  ends  of  these  carrying  rollers.  The  wire  to  be  tested 
is  clamped  at  the  block  and  passes  between  the  rollers.  Exten- 
sions of  the  wire  between  the  blocks  and  rollers  due  to  loading 
the  wire  results  in  rotation  of  the  rollers  which  are  held  in 
contact  with  the  wire  by  the  flexibility  of  the  side  pieces. 

Light  from  a  small  straight  filament  galvanometer  lamp  passes 
through  a  collimating  lens  to  a  mirror  in  the  axis  of  one  roller. 
From  there  it  is  reflected  to  a  similarly  placed  mirror  on  the  other 
roller,  and  reflected  from  there  to  a  white  scale  divided  into 
millimetres. 

An  extension  of  approximately  .0001"  causes  a  movement  of 
the  spot  of  light  to  a  distance  of  i  millimetre  on  the  scale.  The 
position  of  the  spot  of  light  could  be  read  to  Ys  mm. 

The  instrument  has  been  in  constant  use  over  a  period  of 
several  months  with  very  satisfactory  results.  Specimens  have 
been  tested  having  sectional  areas  ranging  from  one-tenth  to 
twenty  millionths  of  a  square  inch,  with  satisfactory  results.  A 
patent  application  has  been  made  covering  this  instrument. 


THE  MICROSTRUCTURE  OF  VERY  LOW  CARBON  STEEL. 
By  R.  E.  Bedworth. 

Very  little  information  is  available  regarding  the  structures 
which  may  be  produced  in  steel  containing  but  a  few  hundredths 
of  one  per  cent,  of  carbon.     W.  J.  Brooke  and  F.  F.  Hunting  ^ 

*  Communicated  by  the  Engineer  in  charge. 

^Journal  of  the  Iron  and  Steel  Institute,  1917,  No.  2,  p.  2t,2i. 
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report  an  unusual  structure  found  in  Armco  iron  quenched  from 
between  899°  and  832°  C.  They  offer  the  explanation  that  it 
is  a  eutectoid  thrown  out  of  solution  between  these  temperatures. 
A  study  was  made  at  Yale  University,  under  the  direction  of 
Prof.  C.  H.  Mathewson,  t©  throw  some  light  on  the  nature  of 
this  constituent  and  to  determine  the  effect  of  various  forms  of 
heat  treatment  on  the  structure  of  very  low  carbon  steel.  The 
material  used  was  prepared  by  Dr.  T.  D.  Yensen  at  the  Westing- 
house  Research  Laboratory  by  fusing  electrolytic  iron  and  carbon 
in  a  vacuum  furnace.  A  series  of  exceptionally  pure  steels  was 
thus  made,  with  the  carbon  content  ranging  from  0.02  to  o.io  per 
cent.  It  was  found  that  the  "  eutectoid  "  structures  could  be 
produced  in  this  pure  material  by  quenching  from  within  the 
critical  range.  Further  experiments  produced  conclusive  evidence 
that  the  so-called  eutectoid  is  not  caused  by  impurities  in  the 
metal,  but  represents  the  transformation  product  of  the  austenite 
which  is  stable  at  the  temperature  of  quenching. 

When  very  low  carbon  steel  is  quenched  from  above  A3  a  large 
amount  of  free  ferrite  is  found,  the  carbon  being  present  in  the 
form  of  sorbitic  needles  scattered  throughout  the  material  in  the 
cleavage  planes  of  the  original  austenite.  Annealing  at  a  tem- 
perature just  below  A I  for  a  long  period  of  time  brings  about 
a  separation  of  the  sorbite  needles  into  minute  globules  of  cement- 
ite.  Heating  to  just  above  Ai,  followed  by  slow  cooling,  changes 
the  sorbite  into  very  small  grains  of  pearlite  uniformly  dis- 
tributed between  the  small  ferrite  grains. 


RESONANCE    AND    IONIZATION    POTENTIALS    FOR 

ELECTRONS    IN    THE   MONATOMIC    GASES 

ARGON,    NEON    AND    HELIUM. 

By  H.  C.  Rentschler. 

When  an  electron  is  accelerated  in  a  metallic  vapor  two  types 
of  inelastic  impact  are  possible.  The  first  type  occurs  when  the 
moving  electron  displaces  an  electron  ol  the  atom  without  detach- 
ing it  from  the  atom.  The  potential  through  which  the  moving 
electron  must  fall  to  acquire  enough  energy  to  ])ro(luce  this  effect 
is  known  as  the  resonance  potential.  The  second  tyi)e  of  inelastic 
impact  occurs  when  the  colliding  elcciron  separates  an  electron 
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of  the  atom  from  the  sphere  of  action  of  the  atom  and  is  said 
to  produce  ionization. 

Experiments  were  carried  out  to  determine  whether  the  mona- 
tomic  gases  argon,  neon  and  hehum  show  both  these  types  of 
inelastic  impact.  A  large  number  of  tests  were  made  on  these 
gases,  using  several  methods.  The  curves  obtained  indicate  that 
argon  has  a  resonance  potential  of  about  12  volts  and  an  ionizing 
potential  of  about  17  volts,  while  helium  and  neon  do  not  show  the 
resonance  effect. 


PENETRATION  OF  MOISTURE  IN  INSULATING  MATERIALS. 

By  C.  J.  Rottmann. 

Many  samples  of  standard  insulating  materials  have  beeen 
tested  for  penetrability  of  moisture.  A  large  variation  in  pene- 
tration is  shown.  Untreated  papers  show  immediate  penetration, 
whereas  paper  impregnated  with  various  insulating  compounds, 
treated  cloth  or  condensation  products  like  bakelite  micarta,  show 
very  small  penetration.  None  of  the  standard  insulating  materials 
may  be  called  moisture  proof. 

Where  the  penetration  of  moisture  is  slow,  little  difference  is 
noticed  whether  the  sheet  is  in  contact  with  water  or  the  saturated 
vapor.  Several  thicknesses  of  bakelite  micarta  were  used,  the 
penetration  in  this  case  being  nearly  independent  of  the  thickness 
up  to  \^C4",  which  is  1.5  X  10-^  gms.  HgO  cm.^  per  hour.  Plot- 
ting gms.  H2O  against  time  a  small  rapid  increase  in  water  is 
first  observed  followed  by  a  much  longer  period,  where  practically 
no  increase  in  water  (time  of  penetration  and  dependent  upon 
thickness),  and  then  a  gradually  increasing  amount  of  water,  the 
slope  of  the  curve  remaining  almost  constant,  which  value  is 
representative  of  the  rate  of  penetration. 

Several  qualitative  methods  were  first  tried :  ( i )  Colormetri- 
cally,  by  placing  anhyd.  CUSO4  or  C0CI3  on  glass  plate  upon 
which  is  placed  the  insulating  material.  Wet  blotting  paper  is 
weighted  down  upon  the  sample  and  change  in  color  noted  upon 
penetration.  Certain  water  sol.  dyes  may  be  also  used  with 
good  results.  (2)  Electrically,  by  conductivity  change  with 
increase  of  moisture  measured  when  insulating  material  is  placed 
between  Hg.  surface  and  weak  salt  solution.  (3)  Quantitatively, 
by  collection  of  moisture  in  P20r,  tube,  or  difference  in  pressure 
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of  penetrated  water  vapor  when  released  from  liquid  air  trap  by 
sensitive  optical  manometer  method. 

Method  now  in  use  may  be  briefly  described  as  follows :  Two 
loo-c.c.  bull)s  with  stopcocks  at  necks  and  common  connector  for 
high  vacuum  system,  each  having-  flanged  tube  1.5  cm.  diameter 
leading  from  the  side,  are  so  arranged  that  the  ground  flanged 
surfaces  fit  together  so  that  the  apparatus  is  gas-tight.  Through 
a  ground  joint  in  one  bulb  a  weighed  P2O,-,  tube  is  introduced. 
The  opposite  bulb  contains  a  small  amount  of  HgO  and  the  whole 
apparatus  may  be  placed  in  a  position  so  that  the  water  will  come 
in  contact  with  the  insulating  material  sheet  which  is  held  as  a 
diaphragm  between  the  bulb  chambers.  It  is  sometimes  neces- 
sary to  use  rubber  gaskets  to  make  a  tight  joint  between  the 
sample  and  ground  surfaces  of  the  flanged  side  tubes. 

The  whole  apparatus  may  be  placed  so  that  the  water  or  water 
vapor  in  one  bulb  may  come  in  contact  with  the  diaphragm.  Dry 
air  is  admitted  each  time  a  weighing  is  made. 

Where  rate  of  penetration  of  H2O  is  small,  and  to  eliminate 
the  weighing  errors,  a  pressure  difference  due  to  penetrated  mois- 
ture is  measured.  In  this  case  a  trap  attached  to  the  lower  end 
of  the  dry  bulb  is  used  to  freeze  out  the  penetrated  water  vapor. 
When  freezing  mixture  is  taken  away  the  difference  in  pressure 
is  measured  by  means  of  the  optical  manometer  gauge  designed 
by  Shrader.^ 


An  Improved  Method  of  Analysis  of  Bearing  Alloys  and 
Similar  Mixtures.  (Helvetica  Chirn.  Act.,  vol.  ii,  p.  398,  1919.)  — 
Osterheld  and  llonnegger  describe  a  method  which  has  given 
excellent  results  in  their  hands  and  which  avoids  the  use  of  the 
more  i)owerful  oxidizing.  The  finely  divided  alloy  is  boiled  with 
concentrated  sulphuric  acid.  The  ijrocedure  is  api)licable  to 
a]Ic)ys  containing  antimony,  lead,  tin,  and  copper.  The  finely 
divided  material  is  boiled  with  concentrated  sulphuric  acid.  li^ven 
aJloys  rich  in  lead  are  cpiickly  dissolved.  AiUiinoii}-  passes  into 
solution  as  an  antimonous  compound,  tin  as  stannic  suli)hate, 
copper  and  lead  into  the  ordinary  sulphates,  which  are  partly 
soluble  in  the  acid.  Ry  dilution  the  whole  of  tin-  lead  sulphate 
can  be  ])recii)itated.  i'he  lead  sulphate  can  he-  collected  on  a 
gooch  filler  and  dried  and  weighed,  the  antimony  determined  by 
titration  with  ])otassiuin  broniate,  and  subse(iuently  the  tin  and 
copper  determined  also  \<>hinu'trically.  H.  L. 

^  I'hys.  Rev.,  vol.  xiii,  p.  .521-25. 
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METALLURGY  OF  WULFENITE. 
By  J.  P.  Bonardi. 

Probably  90  per  cent,  of  the  nioiybdenuin  produced  in  the 
United  States  diirmg  the  war  period  was  derived  from  molyb- 
denite, in  spite  of  the  fact  that  prior  to  191 5  the  wulfenite  ores 
of  Arizona  sitppHed  the  larger  part  of  the  molybdenum.  This  is 
because  of  the  successful  application  of  flotation  to  molybdenite 
and  because  the  deposits  of  the  latter  are  larger.  The  wet  con- 
centration of  wulfenite  ore  offers  little  difficulty,  but  a  number 
of  associated  minerals — vanadinite,  cerussite,  anglesite,  galena, 
pyromorphite,  and  mimetite — come  out  in  the  concentrate,  ren- 
dering its  subsequent  treatment  somewhat  d  fficult.  Usually,  a 
concentrate  of  15  to  20  per  cent.  MoO;.  is  the  best  that  can  be 
obtained,  and  buyers  of  concentrate  frequently  set  the  latter 
figure  as  their  minimum  content.  Wulfenite  has  the  advantage 
over  molybdenite  that  it  frequently  has  gold  associated  with  it, 
and  both  this  and  the  lead  are  recovered  in  the  treatment  of  the 
concentrate.  Any  of  three  methods  may  be  used :  ( i )  an  acid 
leach;  (2)  an  alkaline  leach;  (3)  fusing  with  something  that  will 
reduce  the  lead  to  the  metallic  form  and  take  the  molybdenum  into 
the  slag.  The  first  has  so  many  disadvantages  compared  with 
the  other  two  as  not  to  merit  much  consideration.  Of  the  various 
alkalies,  sodium  sulphide  is,  perhaps,  the  most  satisfactory,  as  the 
molybdenum  goes  into  solution  as  sodium  molybdate,  while  the 
lead  and  precious  metals  remain  in  the  residues.  This  process  is 
used  by  at  least  one  company  in  the  United  States  at  the  present 
time.  The  high-grade  calcium  molybdate  thus  produced  can  be 
used  for  the  production  of  ammonium  molybdate,  ferro-molyb- 
denum  or  added  directly  to  the  steel  in  the  manufacture  of  alloy 
steels.  By  fusing  with  soda  ash,  caustic  soda  and  coal,  the  lead 
is  recovered  in  the  form  of  bullion.  The  sodium  molybdate  thus 
formed  can  be  le?ched  from  the  sla'^  and  the  metal  precipitated 
in  the  form  of  calcium  molvbdate.  which  can  be  utilized  as  stated 
above.     In  one  of  the  exneriments  a  recovery  of  96.7  per  cent. 

*  Communicated  by  the  Director. 
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was  made  on  the  molybdenum  and  of  98.5  per  cent,  on  the  lead, 
and  it  is  estimated  that  a  90  per  cent,  extraction  of  both  would 
represent  commercial  practice.  At  present  prices  there  is  a 
difference  of  $270  between  the  value  of  the  products  and  the 
cost  of  the  chemicals  in  treating^  a  ton  of  typical  concentrate,  so 
that  the  process  would  seem  commercially  feasible. 


MAGNESITE. 
By  W.  C.  Phalen. 


Raw  Austrian  magnesite  contains  iron  in  natural  combina- 
tion. That  produced  in  the  state  of  Washington  has  a  much 
lower  iron  content,  and  before  calcining  2^4  per  cent,  iron  oxide 
in  iinely  divided  condition  is  added  to  the  ground  and  screened 
magnesite  and  the  mixture  is  then  calcined  at  a  high  enough  tem- 
perature to  thoroughly  sinter  the  iron  oxide.  The  resulting 
product  is  as  good  as  the  Austrian  in  every  way  and  has  been 
exclusively  used  by  one  of  the  principal  American  makers  of 
magnesite  refractories  since  the  middle  of  191 8,  nearly  60,000 
tons  having  been  used  and  marketed.  About  10  per  cent,  of  the 
magnesite  produced  in  this  country  is  used  to  make  magnesite 
flooring,  or  oxychloride  cement,  the  manufacture  of  which  began 
in  the  United  States  about  20  years  ago  in  an  experimental  way 
and  for  the  past  6  or  8  years  has  been  commercially  successful. 
When  magnesite  is  calcined  at  a  temperature  of  1600°  F..  it  pro- 
duces caustic  burned  magnesite,  which  reacts  with  peculiar  phe- 
nomena with  a  solution  of  magnesium  chloride,  producing,  when 
in  combination  with  fillers,  a  tough,  compact  mass  known  as 
oxychloride  or  sorel  cement.  The  resultant  composition  has 
strength  sufficient  to  make  a  compact,  resilient,  and  sanitary 
flooring  which  has  extraordinary  strength  to  withstand  blows 
and  rough  wear,  is  tough  enough  to  prevent  the  formation  of 
cracks,  and  is  impervious  enough  to  withstand  puncture.  Unlike 
Portland  cement,  it  is  possible  to  saw,  cut.  and  insert  screws  into 
it.  The  product  also  possesses  fire  resistance,  and  heat  insulation. 
It  has,  therefore,  been  found  useful  in  monolithic  floors,  in  stucco, 
and  slabs,  for  insulation  and  pipe  covering,  for  the  decks  of  ships, 
the  floors  of  freight  and  Pullman  cars,  hospitals,  etc.  Its  cost  is 
slightly  in  excess  of  foundation  cement,  but  well  w  ilhin  the  cost 
of  other  permanent  floorings,  such  as  tile.  etc. 
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Sulphur  in  Coal. — A  survey  has  been  made  of  all  present 
methods  of  removing  sulphur  from  coal  and  its  products.  The 
substitution  of  Illinois  coal  for  Eastern  coke  in  the  making  of 
water  gas  in  gas  plants  of  the  Middle  West  is  greatly  to  be  de- 
sired. The  present  gas-making  equipment  being  designed  for 
a  non-volatile  fuel,  does  not  give  as  good  results  as  may  be  ex- 
pected on  apparatus  designed  for  bituminous  coal.  It  appears 
that  the  design  of  such  gas-making  apparatus  is  largely  empirical, 
and  the  Bureau  will  attempt  to  suggest  a  rational  basis  for  the 
re-design  of  such  apparatus  for  bituminous  coal.  The  work,  so 
far,  appears  very  favorable. 

Dust  in  Copper  Mines. — The  Bureau,  in  cooperation  with  the 
U.  S.  Public  Health  Sen-ice,  has  begun  a  study  of  dusts  from 
the  copper  mines  of  Miami,  Arizona.  A  volume  of  19  cu.  ft. 
of  mine  air  is  filtered  through  a  glass  tube  containing  100  gm.  of 
sugar,  the  tube  being  of  such  dimensions  as  to  give  a  filtering 
column  I  -y^  in.  high.  The  sugar  is  then  dissolved  in  water  and 
the  recovered  dust  screened  through  a  280-mesh  screen,  which 
removes  all  particles  larger  than  50  microns  in  diameter.  These 
are  rejected,  as  particles  of  w^et  dust  larger  than  10  microns  in 
diameter  are  considered  harmless,  since  they  do  not  lodge  in  the 
lungs.  The  dust  is  then  graded  into  two  portions,  a  non-injuri- 
ous, consisting  of  particles  betw^een  12  and  50  microns  in  diam- 
eter, and  an  injurious,  made  up  of  particles  smaller  than  10 
microns.  Not  enough  samples  have  been  analyzed  as  yet  to  give 
representative  figures.  The  total  dust  wnll  be  determined  in  mil- 
ligrams per  cubic  metre  of  air,  the  number  of  particles  per  cubic 
metre,  the  numl^er  of  injurious  particles  per  cubic  metre,  their 
weight  in  milligrams  per  cubic  metre,  and  the  weight  of  the  dust 
over  10  microns  diameter  in  mg.  per  cubic  metre.  Photomicro- 
graphs are  also  being  made  of  characteristic  dusts.  The  Bureau 
is  also  making  a  study  of  the  concentration  and  nature  of  dusts  in 
potteries,  in  cooperation  wath  the  Department  of  Labor.  Samples 
are  collected  and  the  total  weight  of  dust,  total  lead,  and  soluble 
lead  determined.  The  soluble  lead  is  determined  by  digesting  the 
dust  collected  with  a  0.25  per  cent,  solution  of  HCl.,  which  takes 
into  solution  all  the  lead  present  as  w^hite  or  red  lead,  but  does 
not  act  on  the  disilicate.     The  latter  is  considered  harmless,  as 
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it  is  not  taken  up  by  the  human  body.  The  investigation  has,  so 
far,  shown  that  practically  all  the  lead  present  in  the  glaze  dusts 
is  in  the'  soluble  form.  A  sample  collected  in  a  dipping  room, 
while  it  was  being  swept,  showed  47.9  mg.  total  dust,  8.7  mg. 
total  lead  and  8.7  mg.  soluble  lead.  This  represents  very  dusty 
conditions.  Average  figures  per  100  cu.  ft.  of  air  collected  in 
different  rooms  of  potteries  show  from  2  to  100  mg.  of  total 
dust,  and  from  0.05  to  8  mg.  of  soluble  lead. 

Coal  mine  fatalities  for  the  month  of  June  showed  a  marked 
increase,  compared  with  preceding  months,  due  to  the  occur- 
rence of  an  unusual  number  of  explosions  and  other  disasters. 

All  the  new  mine  rescue  cars  of  the  Bureau  have  been  ac- 
cepted from  the  builders  and  put  in  use. 


Photographic  Records.  (Americam  Machinist,  vol.  li.  No.  4, 
July  24,  1919.) — While  the  camera  and  a  photographer  have  be- 
come a  part  of  the  equipment  of  many  sho])S,  we  are  not  as  yet 
utilizing  them  to  their  capacity.  They  are  too  often  confined  to 
making  photographs  of  completed  machines  for  publicity  pur- 
poses when  there  are  many  other  uses  where  they  would  prove 
most  valuable. 

During  the  war  nearly  every  machine-building  shop  was  very 
active  in  the  Liberty  Loan  campaigns,  as  well  as  the  Red  Cross 
and  other  drives.  Attractive  decorations  were  used  in  many 
cases,  and  much  time  and  eiTort  were  spent  to  make  these  cam- 
paigns fully  successful.  Yet  for  the  most  part,  the  only  records 
of  these  activities  now  in  existence  are  in  the  memories  of  those 
who  participated  in  them,  making  it  imi)c)ssible  to  comply  with  a 
governmental  request  for  such  ])hotographs  to  ])e  used  in  showing 
the  activities  of  the  machine-tool  industry  .in  the  great  war. 

Memory  plays  us  so  many  tricks  that  i)hotographs  of  even 
commonplace  things  are  often  found  valuable  in  later  years.  Even 
general  photographs  of  various  shoj)  departments,  either  at  stated 
intervals  or  after  each  alteration  or  rearrangement  of  machinery, 
may  readily  bring  out  that  which  otherwise  escapes  attention 
and  ])erhaps  prevent  changes  which  would  siin])ly  be  a  return  to 
conditions  found  unsatisfactory. 

Interesting  machine  set-uj)s.  unusual  tool  iixluri-s  and  guages, 
photogra])hs  of  machine  failures  and  similar  subjects  arc  all  likely 
to  prove  of  value  as  time  goes  on. 

These  and  similar  ])h()tograplis  arc  particularly  valuable  in 
organizations  having  a  })ul)lication  which  reaches  the  emplcn'ees 
of  the  i)lant.  IMiotographs  can  also  be  made  extremely  useful  as 
an  aid  in  instructing  workers  either  in  tli(>  sho])  or  training  school. 
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MEMBERSHIP  NOTES. 
NECROLOGY. 

Mr.  Andrew  Carnegie  was  born  November  25,  1835,  at  Dunfermline, 
Scotland,  and  died  at  Lenox,  Massachusetts,  on  August  11,  1919.  He  was 
brought  to  this  country  by  his  parents  when  twelve  years  of  age,  and  settled 
at  Allegheny  City.  Pennsylvania,  in  1848.  Two  years  later  he  became  a  tele- 
graph messeneer.  He  spent  his  spare  time  studying  telegraphy,  and  was  soon 
promoted  to  the  position  of  operator.  He  then  obtained  a  position  with  the 
Pennsylvania  Railroad,  and  his  advancement  with  this  company  was  rapid. 

About  1863  he  organized  the  Keystone  Bridge  Company  and  soon  after 
the  Cyclops  Mill.  These  were  consolidated  within  a  short  time  by  the  organi- 
zation of  the  Union  Iron  Mills.  Mr.  Carnegie  visited  England  in  1868  and 
while  there  investigated  the  Bessemer  Process.  On  returning  to  this  country 
he  introduced  the  process  in  his  mills. 

After  this  he  became  principal  owner  of  the  Homestead  and  Edgar  Thom- 
son Steel  Works  and  other  large  plants,  as  head  of  the  firms  Carnegie, 
Phipps  &  Company  and  Carnegie  Brothers  Company.  In  1899  the  interests 
df  these  various  companies  were  consolidated  under  the  name  of  the  Carnegie 
Steel  Company,  which  two  years  later  was  merged  in  the  United  States  Steel 
Corporation,  when  Mr.  Carnegie  retired  from  business. 

It  would  be  impossible  to  give  a  detailed  list  of  his  benefactions  and  gifts, 
hut  the  following  are  among  the  most  notal)le :  Carnegie  Corporation  of  New 
York ;  Carnegie  Foundation  for  the  Advancement  of  Teachers ;  Carnegie 
Institute  (Pittsburgh);  Carnegie  Institution  of  Washington;  Carnegie  Hero 
Funds ;  Endowment  for  International  Peace ;  International  Bureau  of  the 
American  Republics. 

During  his  lifetime  he  provided  281 1  Free  Public  Library  buildings,  and 
contributed  more  than  twenty  millions  of  dollars  to  the  colleges  of  the  United 
States.  He  also  made  liberal  contributions  to  organizations  engaged  in 
war  work. 

Mr.  Carnegie  was  author  of  the  following  works  :  "  An  American  Four- 
in-Hand  in  Britain,"  1883;  "Round  the  World,"  1884;  "Triumphant  Democ- 
racy," 1886;  "The  Gospel  of  Wealth,"  1900;  "The  Empire  of  Business,"  1902; 
"  The  Life  of  James  Watt,"  1906,  and  "  Problems  of  Today,"  1909. 

Mr.  Carnegie  became  a  member  of  The  Franklin  Institute  in  1889. 

Mr.  John  Sterling  Deans  was  born  at  Chester,  Pennsylvania,  June  25, 
1858,  and  died  at  Phoenixville,  Pennsylvania,  December  16,  1918.  Mr.  Deans' 
technical  training  was  received  at  the  Polytechnic  College  in  Philadelphia. 
In  1879  he  accepted  a  position  with  Clarke-Reeves  &  Company,  which  concern 
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later  became  the  Phoenix  Bridge  Company.  Thirteen  years  later  Air.  Deans 
was  made  Chief  Engineer,  serving  in  this  capacity  until  about  three  years  ago, 
when  he  was  appointed  Vice-President  and  Consulting  Engineer. 

Remarkable  developments  in  bridge  construction  occurred  during  Mr. 
Deans'  career.  Iron  was  gradually  abandoned  as  the  material  for  bridge 
building  and  replaced  by  steel.  Mr.  Deans  was  active  not  only  as  a 
designer  and  manufacturer,  but  also  as  a  constructor  of  many  notable  struc- 
tures:  among  these  are  the  Ohio  River  bridges  at  Cincinnati  and  Louisville; 
Mississippi  River  bridges  at  Rock  Island  and  Davenport;  the  cantilever  bridge 
at  Red  Rock,  Arizona;  Kinzua  and  Pecos  viaducts. 

Mr.  Deans  was  active  in  the  development  of  the  modern  long  span  struc- 
ture, and  because  of  his  unusual  experience  his  counsel  was  frequently  sought 
in  connection  with  the  designing  of  large  steel  bridges. 

Mr.  Deans  became  a  member  of  The  Franklin  Institute  on  March  5.  1901. 

Allen  Eugene  Nichols  was  born  at  Madison,  Wisconsin,  September  30, 
1888,  and  died  at  Chicago,  Illinois,  on  May  8,  1919.  His  early  education  was 
obtained  in  his  native  city,  and  in  1906  he  entered  the  Civil  Engineering  Depart- 
ment of  Purdue  University,  from  which  institution  he  graduated  in  1910. 
Three  years  later  the  degree  of  Civil  Engineer  was  conferred  upon  him  by 
his  alma  mater. 

On  leaving  college  Mr.  Nichols  entered  the  employ  of  the  Baltimore  and 
Ohio  Railroad  Company.  Some  months  later  he  was  appointed  an  assistant 
to  the  Consulting  Engineer  for  the  State  of  Indiana,  devoting  his  attention 
especially  to  the  design  of  water  works  and  sewage  disposal  plants.  In 
April,  191 1,  he  again  became  active  in  railroad  work,  and  for  more  than  a  year 
served  as  Assistant  Engineer  on  Track  Elevation  and  Maintenance  for  the 
Chicago  and  Western  Indiana  Railroad  Company.  Later  he  became  connected 
with  a  firm  of  consulting  engineers,  acting  as  assistant  engineer  of  design  and 
construction  for  sewage  disposal  and  water  supply  plants.  In  February,  1914, 
Mr.  Nichols  entered  the  University  of  Pennsylvania  as  a  special  student, 
devoting  his  attention  to  the  study  of  the  chemistry  of  water.  On  completion 
of  this  work,  in  May,  1915,  he  was  appointed  one  of  the  engineers  for  the 
Bureau  of  Waste  Disposal  of  the  city  of  Chicago,  which  position  he  held  for 
nearly  three  years. 

When  the  United  States  entered  the  war,  Mr.  Nichols  jt)incil  the  staff  of 
the  du  Pont  Engineering  Company  in  the  capacity  of  Engineer  of  Construc- 
tion for  a  seventy  million  gallon  water  filtration  plant  for  the  Government 
powder  factory,  at  Nashville,  Tennessee.  In  February  last,  with  his  father 
and  brother,  he  entered  into  the  general  engineering  and  contracting  business. 
Mr.  Nichols  was  a  member  of  the  American  Society  of  Mechanical  Engineers, 
the  American  Water  Works  Association  and  other  kindred  societies.  He 
became  a  member  of  The  Franklin  Institute  on  March  14,  1917. 
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Bartlett,  C.  O.,  and  Snow  Company.  Bulletin  No.  45.    Cleveland,  Ohio,  no  date. 
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Wood,  Wm.  H.,  Catalogue  of  Hydraulic  Machinery.    Media,  Delaware  County, 

Pennsylvania,  1919.     (From  Mr.  Wm.  H.  Wood.) 
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CORRESPONDENCE. 


United  States  Dep.xrtment  of  Agriculture. 
Bureau  of   Plant  Industry. 

WA.SHINGTON,  D.  C,  July  30,  1919. 

Dr.  R.  B.  Owens. 

Secretary,  The  Franklin  Institute, 
Philadelphia,  Pa. 
Dear  Dr.  Owens  : 

Your  letter  of  July  28th  informing  me  of  the  awarding  of  the  Edward 
Longstreth  Medal  of  Merit  for  1919,  has  been  received.  The  medal  and 
certificate  also  came  promptly. 

I  wish  to  express  my  appreciation  to  The  Franklin  Institute  for  the  honor 
conferred  and  take  this  occasion  to  thank  you  for  this. 

^'ours   very  sincerely, 

J.  J.  Skinner, 
Biochemist. 


Department  of   Commerce. 
Bureau  of   Standards. 

Washington.  July  30.  1919. 

Address  reply  to  Bureau  of  Standards. 

Dr.  R.  B.  Owens,  Secretary, 
The  Franklin  Institute, 
Philadelphia,  I'a. 

Dear  Dr.  Owens: 

Kindly  bear  to  The  Franklin  Institute  my  hiarlicst  thanks  for  tiic  l-:dward 
T.ongstreth  Medal  and  Certificate  just  received. 

\'()urs  very  truly, 

Enoch  Karrek. 


I 
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Department  of  the  Interior. 
Bureau  of  Mines  Experiment  Station. 

Golden,  Colorado.  August  2,  1919. 
Dr.  R.  B.  Ozccus. 

Secretary,  The  Fraiiklitt  Institute, 
Philadelphia.  Peuiisylvauia. 
My  Dear  Doctor  Owens: 

I  desire  to  acknowledge  the  receipt  of  the  Edward  Longstreth  Medal, 
and  also  the  certificate  to  accompany  it. 

I  desire  to  thank  the  Committee  on  Science  and  the  Arts  and  The  Franklin 
Institute  for  the  honor  conferred  upon  me,  and  to  express  my  appreciation 
of  the  award. 

Sincerely  yours, 

R.  B.  Moore, 

Superintendent. 


Eastman  Kodak  Co. 

Rochester,  N.  Y.,  August  4,  1919. 
Dr.  R.  B.  Ozi-ens,  Sec., 

Franklin  Institute,  '    ■ 

Philadelphia,  Pa.  '    ■  >  '; 

Dear  Sir  : 

I  have  received  the  Edward  Longstreth  Medal  and  Certificate  recently 
awarded  me  jointly  with  Doctors  Ives  and  Karrer. 

I  wish  to  take  this  occasion  to  thank  the  Institue  and  its  Committee  on 
Science  and  the  Arts  for  the  generous  award.     I  am  indeed  pleased  to  know 
that  the  results  of  our  joint  labors  on  the  Welsbach  mantel  have  merited  this 
recognition  and  it  is  certainly  a  most  happy  termination  of  the  work. 
Again  thanking  the  Institute  most  hearily,  I  remain 

Respectfully, 

Edwin   F.   Kingsbury. 


BOOK  NOTICES. 


One  Thousand  Technical  Books.     Compiled  by  Herbert  L.  Cowing.     First 
Edition.     ii8  pages  and  index,  8vo,  paper-bound.     Washington,  American 
Library  Association,  Library  War  Service,  June,  1919. 
The  great  increase  of  small  libraries,  whereof  the  chiefs  and  assistants 
are  without  technical  training  except  in  the  specific  field  of  library  adminis- 
tration, has  no  doubt  brought  to  the  officers  of  the  A.  L.  A.  many  requests  for 
assistance   in   selections.     Furthermore,   the   establishment   of   camp   libraries 
with  many  patrons  who  had  but  limited  technical  training  and  desired  more, 
compelled  a  selection  of  such  works.    With  few  exceptions  the  books  chosen 
are  of  necessity  of  American  origin,  about  half  the  list  being  credited  to  three 
New  York  City  publishing  houses.    No  two  experts  in  any  of  the  departments 
covered  would  be  likely  to  agree  throughout  as  to  the   selections,  but   in   a 
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compilation  of  this  kind,  dogmatism  cannot  be  avoided.  The  compiler  may 
secure  some  assistance  from  experts,  but  must  in  the  main  be  guided  by  the 
"  inner  light."  The  pamphlet  represents  a  large  amount  of  labor  and  will  be 
of  much  aid  along  the  lines  for  which  it  is  prepared. 

Henry  Leffmann. 


Lecture  Dfmonstrations  in  Physical  Chemistry.  By  Henry  S.  van 
Klooster,  Ph.D.,  Rensselaer  Polytechnic  Institute,  187  pages,  illustrations, 
bibliography,  index,  i2mo.  Easton,  Pa.,  The  Chemical  Publishing  Com- 
pany,  1919.     Price,  $2. 

This  is  a  timely  and  interesting  book.  The  literature  of  physical  chemistry 
is  immense  and  growing  at  a  geometrical  ratio,  and  while  many  illustrative 
experiments  are  detailed  in  the  larger  treatises,  teachers  of  general  chemistry, 
especially  those  who  entered  upon  their  work  a  generation  or  more  ago,  will 
find  the  collection  of  simple  demonstrative  methods  very  useful  and  con- 
venient. Numerous  illustrations  aid  in  the  construction  and  arrangement  of 
apparatus.  The  author  quotes  Arrhenius  to  the  effect  that  there  are  few 
departments  of  exact  science  in  which  so  few  lecture  experiments  are  shown 
as  in  physical  chemistry,  and  holds  that  this  is  due  to  the  fact  that  so  large  a 
portion  of  the  investigations  is  quantitative,  while  lecture  experiments  as  a 
rule  can  only  show  qualitative  changes.  Doctor  van  Klooster  also  points  out 
that  many  manuals  of  general  chemistry  spread  the  facts  of  physical  chemistry 
over  the  whole  of  the  descriptive  text.  Thus,  adsorption  is  discussed  in 
connection  with  charcoal,  colloids  with  silicon,  allotropy  with  oxygen.  The 
book  in  hand  is  written  in  opposition  to  this  plan.  The  classification  is  by 
type  of  phenomena,  not  by  substance. 

One  of  the  most  interesting  chapters  is  that  on  Actino-chemistry.  A 
number  of  very  interesting  experiments  have  been  collected.  The  subject  of 
flame,  combustion  and  explosion  is  also  interestingly  treated.  Another  useful 
chapter  is  that  on  catalysis,  but  it  is  too  brief. 

The  book  is  well  printed,  the  type  being  that  now  so  familiar  to  American 
chemists  through  the  publications  of  the  Easton  firm.  .\  few  typographic 
errors  have  been  noted,  but  are  mere  slips  of  the  compositor  and  not  mislead- 
ing. The  paper  is  not  as  good  as  it  ought  to  be.  It  is  to  be  hoped  that  the 
present  edition  will  soon  be  exhausted  and  that  the  autlior  will  find  time  to 
prepare  a  second  one  on  a  much  larger  scale. 

Henry  Lf.ffmann. 
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Protection  of  Silvered  Surfaces.  F.  Kollmorgan.  (Journal 
of  the  Optical  Society  of  America,  January-jMarch,  1919,  p.  16.)  — 
At  the  commencement  of  the  European  war  the  importation  of 
optical  glass  stopi>ed  completely,  and  at  that  time  no  glass  suitable 
for  optical  instruments  was  being  manufactured  in  this  country. 
While  it  appeared  probable  that  before  long  the  glass  industry  of 
the  United  States  would  be  in  a  position  to  turn  out  the  ordinary- 
kinds  of  optical  glass,  svich  as  crown  and  flint,  it  was  doubtful  how 
long  it  would  take  before  the  considerable  difficulties  attending  the 
manufacture  of  the  more  modern  varieties  of  glass,  such  as  the 
borosilicate  crown  and  baryum  crown,  would  be  solved.  I'eing 
engaged  in  the  manufacture  of  periscopes  for  submarines,  in  which 
eyepiece  reflectors  of  considerable  size  are  used,  the  writer  foresaw 
serious  trouble  unless  some  reflector  could  be  developed  which  could 
take  the  place  of  the  borosilicate  prisms  so  far  employed  for  that 
purpose.  A  plain  glass  mirror,  silvered  at  the  surface,  of  course, 
presented  the  easiest  solution  provided  the  surface  could  be  pro- 
tected efficiently  against  atmospheric  influences.  While  looking  up 
the  subject  of  the  possibility  of  such  protection  which,  of  course, 
must  not,  in  any  way,  interfere  with  the  optical  efficiency  of  the 
mirror,  it  was  found  that  as  late  as  1894,  Mr.  Izarn  published  in  the 
Cowptcs  Rendus  a  protective  coating  of  bichromated  gelatin  which 
he  had  applied  on  a  33-centimetre  telescope  reflector  at  the  Toulouse 
Observatory.  This  reflector  withstood  the  influence  of  sulphuretted 
hydrogen  for  twenty-four  hours  without  change.  In  1909  Mr.  A. 
Perot  described  also  in  Couiptcs  Rendus  a  protective  coating  consist- 
ing of  celluloid  dissolved  in  amylacetate.  Mr.  Louis  Bell  in  the 
Electrical  World,  1913,  mentions  the  employment  of  a  commercial 
lacquer  sold  under  the  name  of  Lastina  Lacquer  for  the  same  pur- 
pose with  very  good  results.  It  appears  that  a  two-foot  parabolic 
reflector  used  at  the  Harvard  Observatory  protected  in  this  manner, 
lost  only  4  per  cent,  of  its  original  light  transmission  through  the 
lacquering,  and  after  three  months  service  still  retained  70  per  cent, 
of  its  original  light  transmission. 

Both  Mr.  Perot's  and  Mr.  Bell's  papers,  however,  state  that  the 
lacquer  must  be  used  in  a  very  thin  layer  and  will  sliow  interference 
colors.  The  first  experiments  made  by  the  writer  produced  an  effi- 
cient protection,  but  it  was  found  that  the  interference  colors  showed 
plainly  when  the  eyepiece  was  used  on  a  periscope  and  this  phe- 
nomenon had  to  be  overcome.  When  the  coating  of  lacquer  was 
sufficiently  thick  to  show  no  interference  colors  the  lacquer  dried 
sometimes  in  waves  and  streaks,  and  sometimes  with  a  crinkly  sur- 
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face  seriously  damaging  the  definition  of  the  mirror,  and  it  occurred 
to  the  writer  that  this  appearance  might  be  avoided  by  centrifuging  the 
mirror  during  the  drying  so  that  the  surface  would  be  kept  under 
an  even  tension  until  dry.  An  experiment  along  these  lines  proved 
very  satisfactory  and  mirrors  protected  in  this  manner  have  been 
used  since  in  a  large  number  of  periscopes  with  very  good  results. 
Even  after  a  year's  use  the  mirrors  have  shown  no  appreciable  de- 
crease in  efficiency  and  no  appearance  of  tarnishing  whatever.  The 
reflecting  power  of  these  mirrors  is  greater  than  that  of  a  prism, 
for  in  some  of  our  periscopes  we  have  employed  a  mirror  at  the  top 
for  the  high  power  and  a  prism  for  the  low  power  and  the  increase 
in  light  transmission  from  low  to  high  powxr  has  been  quite  notice- 
able. Owing  to  the  rush  of  war  work,  it  has  unfortunately  been  im- 
possible to  make  exact  measurements  of  the  light  transmission. 

The  protection  given  by  the  coating  of  lacquer,  is,  however,  a 
very  slight  one  against  mechanical  damage,  as  the  lacquer  is 
very  soft  and  will  scratch  at  the  slightest  touch.  If  dust  should 
settle  on  the  mirror  it  must  be  removed  by  means  of  a  very  fine 
camel's-hair  brush ;  a  soft  piece  of  chamois  leather  may  be  em- 
ployed if  care  is  taken  that  it  is  absolutely  free  from  grit  or  dust. 
Attempts  to  harden  the  lacquer  by  baking  have  not  proved  suc- 
cessful. Various  other  lacquers  and  varnishes  that  were  tried 
did  not  give  as  good  optical  results  as  the  Lastina  lacquer.  Mr. 
Bell's  paper  suggests  that  lacquer  should  be  thinned  down  in 
proportion  of  one  part  lacquer  to  six  parts  commercial  thinner. 
We  use  one  part  lacquer  and  two  parts  thinner  with  our  method. 

Electrical  Distribution  in  Mines.  E.  Stixk.  (Coal  Age,  vol. 
xvi.  No.  I,  July  3,  1919.) — The  bituminous  mines  in  the  central 
states  have  a  general  practice  of  connecting  the  entire  electrical 
distribution  system  underground  to  a  circuit  breaker  on  the  sur- 
face. This  practice  has  a  number  of  shortcomings.  If  the  circuit 
breaker  trips  all  the  locomotives,  cutting  machines  and  other 
motors  are  stopped.  As  soon  as  the  breaker  is  put  in  all  the 
motors  are  thrown  on  the  line,  creating  a  heavy  overload  on  the 
power-plant  equipment.  All  the  machinery  below  is  idle  while 
the  circuit  breakers  are  out. 

When  heavy  grounds  occur  there  is  no  indication  of  their 
location.  The  entire  mine  is  idle  until  the  trouble  is  found  and 
that  section  in  which  the  short  has  occurred  is  cut  off,  or  the 
trouble  remedied. 

By  the  use  of  circuit  breakers  underground  trouble  can  be 
located  much  quicker.  Only  a  small  portion  of  the  mine  will  be 
idle  at  such  times  and  the  starting  over-load  on  the  plant  will 
be  greatly  reduced.  Take,  for  example,  a  mine  having  two  main 
entries :  A  switchboard  panel  can  be  j^laced  on  the  bottom  witl". 
two  circuit  breakers  and  switches,  each  controlling  one-half  of 
the  mine.      The  lights  on  the  bottom  can  be  connected  in  behind 


Sept..  1919.]  Current  Topics.  427 

the  circuit  breaker  so  that  no  matter  which  breaker  trips  the 
hghts  will  still  be  in  service.  The  circuit  breakers  should  be  cl 
the  switchboard  type.  This  makes  each  half  of  the  mme  inde- 
pendent of  the  other.  This  scheme  can  be  further  carried  out  by 
the  location  of  railway-type  circuit  breakers  at  convenient  places 
back  in  the  mine.  With  such  a  layout  in  case  of  trouble  a  small 
part  of  the  mine  only  is  effected  and  the  difficulty  quickly  located, 
as  it  must  be  behind  the  circuit  breaker  which  has  opened. 

The  small  breakers  pay  for  themselves  in  a  short  time  be- 
cause of  the  shorter  shutdowns  and  the  lower  number  of  locomo- 
tives and  machines  aff'ected.  The  wear  and  tear  for  this  reason 
is  not  so  great  on  the  power-plant  equipment.  If  power  is  pur- 
chased, especially  where  the  maximum  demand  charged  is  based 
on  short-time  peaks,  a  decided  saving  in  the  power  bill  can  be 
made  because  all  of  the  equipment  cannot  then  be  thrown  on  the 
line  at  once  after  the  main  circuit  breaker  is  closed  on  top. 

Gas-masks  for  Protection  in  Industries.  (Journal  Industrial 
and  Engineering  Chemistry.) — The  Gas-mask  Research  Division 
of  the  Chemical  Warfare  Service  has  called  attention  to  the  value 
of  the  army  gas-mask  in  many  industries  in  which  offensive  or 
poisonous  gases  are  produced.  As  is  well  known,  the  United 
States  chemists  brought  the  gas-mask  to  a  high  degree  of  effi- 
ciency. The  principal  contents  were  charcoal  and  soda-lime  in 
granules  ranging  between  8  and  14  mesh.  This  filling  stopped 
chlorine  phosgene,  chlorpicrin,  nitrogen  oxides  and  some  other 
gases ;  for  gasoline,  benzine,  carbon  disulfide,  carbon  tetrachlo- 
ride, cyanogen  bromide,  and  some  other  vapors  not  acted  on  by 
soda-lime,  the  charcoal  tilling  alone  will  suffice.  For  acid  vapors, 
and  some  acid  anhydrides  (e.g.,  sulphur  dioxide)  soda-lime  alone 
was  used. 

When  smoke  particles,  such  as  the  hydrolysis  products  of 
stannic  chloride,  or  solid  particles,  as  arsenic  trioxide,  are  en- 
countered, the  canister  should  contain  at  least  two  cotton  wad- 
ding pads  or  other  filter  material. 

Ammonia  is  not  completely  absorbed  by  the  standard  filling. 
For  this  purpose  copper  sulphate  on  pumice  is  recommended. 

In  considering  the  use  of  gas-masks  for  protection  against 
various  gases  it  must  be  emphasized  that  they  should  never  be 
used  in  atmospheres  containing  less  than  12  per  cent,  oxygen  by 
volume.  In  such  atmospheres  an  air  helmet  or  a  self-contained 
breathing  apparatus  containing  an  oxygen  supply  must  be  used. 
Neither  does  the  army  gas-mask  afford  complete  protection 
against  very  high  concentration  of  toxic  or  irritating  gases,  such 
as  may  be  found  in  closed  tanks  or  towers  containing  volatile 
liquids  or  in  small  closed  rooms  where  a  considerable  quantity  of 
gas  has  been  suddenly  released.  In  general,  the  gas-mask  is 
limited  to  concentrations  not  exceeding  i  to  5  per  cent.,  depend- 
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ing  on  the  kind  of  gas,  the  absorbent  used,  and  the  size  of  the 
canister. 

The  standard  canister  containing  filter  pads  gives  good  pro- 
tection against  smoke  from  wood,  rags,  tar,  sulphur,  and  other 
combustibles.  Tests  have  been  made  in  which  men  wearing 
standard  army  masks  remained  in  dense  smoke  from  burning 
wood  and  wet  straw  for  a  period  of  twenty  minutes  without  dis- 
comfort. Care,  however,  must  be  observed  that  such  combustion 
smoke  contains  no  appreciable  quantities  of  carbon  monoxide,  for 
which  the  mask  provides  no  protection,  and  which  would  not  be 
detected  by  the  wearer  before  being  overcome.  For  this  reason 
the  standard  army  gas-mask  with  charcoal  and  soda-lime  canister 
containing  filter  pads  should  be  used  with  some  caution  by  fire- 
men in  entering  burning  buildings;  in  exceptional  cases,  dan- 
gerous quantities  of  carbon  monoxide  may  be  present. 

The  army  mask  has  been  used  successfully  in  fighting  forest 
fires.  It  can  probably  be  used  safely  in  similar  smoke  occurring 
in  the  open  air,  or  for  a  very  short  period  of  time  in  buildings 
where  the  smoke  is  diluted  by  air.  H.  L. 

Gluing  Wood  Coated  with  Varnish  or  Shellac.  (Technical 
Notes,  Forest  Products  Laboratory,  Madison,  Wisconsin.) — Glue 
joints  between  wood  surfaces  which  have  been  coated  with  shellac 
or  varnish  have  low  or  very  erratic  strength.  This  has  been  thor- 
oughly demonstrated  by  a  recent  test  at  Forest  Products  Laboratory, 
Madison,  Wis.  Sixty  pairs  of  test  blocks  were  prepared  in  which 
one  or  both  wood  surfaces  were  varnished  or  shellacked  and  were 
joined  with  either  casein  or  animal  glue.  A  great  many  of  these 
blocks  fell  apart  before  testing  and  all  which  held  together  long 
enough  to  be  tested  sheared  apart  in  the  glue  joint  and  not  in  the 
wood. 

The  highest  strength  value  obtained  was  171 2  jiounds  per  square 
inch,  which  is  low  for  casein  glue.  The  other  values  were  looo 
pounds  per  square  inch  or  less.  It  is  evident,  therefore,  that  all 
shellac  or  varnish  should  be  carefully  cleaned  from  wood  which  is  to 
be  glued,  if  high  strength  is  desired. 

A  few  blocks  were  joined  using  shellac  as  a  glue  over  surfaces 
previously  coated  with  shellac.  The  maximum  shear  strength  ob- 
tained was  T425  pounds,  the  minimum  450  pounds,  and  the  average 
758  pounds  i)er  square  inch.  These  values  are  low  and  do  not 
indicate  that  shellac  has  gluing  pr()])erlies  which  compare  favorably 
with  casein  or  animal  glue. 

"American  Storax "  from  the  Red  Gum  Tree.  (Technical 
Notes,  Forest  Products  Laboratory,  Madison,  Wisconsin.) — A  gum 
which  is  in  demand  by  the  manufacturers  of  perfumes,  tobacco, 
adhesives,  and  pharmaceutical  i)rcparations,  is  produced  by  the  red 
gum  tree  ( Liquidamhcr  styracifiua)  of  the  south,  though  few  owners 
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of  thi>  tree  apparently  are  yet  aware  that  the  gum  has  any  commer- 
cial value.  The  properties  and  composition  of  this  "  sweet  gum," 
as  it  is  called,  are  similar  to  those  of  oriental  storax,  obtained  from 
a  tree  {Liqitidanibcr  oricufalis)  which  grows  in  Asia  Minor.  Cin- 
namic  acid  and  cinnamic  alcohol  are  two  of  its  valuable  components. 

Because  the  war  curtailed  the  supply  of  the  imported  product, 
the  U.  S.  Forest  Products  Laboratory  this  season  undertook  some 
cooperative  experiments  to  develop  methods  of  gathering  "  sweet 
giun  "  or  "  American  storax."  Although  the  yield  of  gum  from 
each  tree  is  not  large,  a  price  of  $2  or  more  a  pound  has  made  its 
collection  attractive  to  many  individual  operators  and  a  considerable 
quantity  has  been  put  on  the  market. 

The  lalx)ratory  experiments  will  be  completed  in  November, 
and  it  is  hoped  that  they  will  provide  some  cost  data  which  will  indi- 
cate to  what  extent  "  American  storax  "  can  profitably  compete  with 
the  foreign  product  when  normal  conditions  return. 

Detection  of  Dulcin  and  Saccharin  by  Optical  Methods,  A, 
AiiKAiiAM.  (Mcui.  Acad.  Roy.  d.  Sciences  de  Liege,  vol.  x,  p,  4.)  — 
Dulcin  and  saccharin  are  liable  to  be  used  in  many  beverages  as 
substitutes  for  sugar.  They  are  usually  detected  by  color  tests, 
but  the  author  of  this  paper  gives  an  account  of  their  detection 
by  the  microscopic  examination  of  the  crystals  from  an  ether- 
solution.  These  optical  methods  are  becoming  of  increasing  im- 
portance. They  depend  on  the  use  of  modified  light,  especially 
polarization.  Very  small  crystals  can  be  identified  accurately. 
The  method,  as  is  well  known,  has  been  long  applied  in  min- 
eralogy in  the  examinations  of  rock-sections.  The  microscopic 
equipment  is  complicated  and  expensive.  The  United  States 
Department  of  Agriculture  is  conducting  special  researches  along 
this  line,  especially  in  connection  with  the  detection  of  the 
alkaloids.  H.  L. 

The  Production  of  Large  Perfect  Crystals,  R.  W.  Moore. 
(/.  Am.  Chern.  Soc,  vol.  xli,  p.  1060,  1919.) — After  briefly  review- 
ing the  literature  of  the  subject,  describes  a  method  by  which  very 
large  and  perfect  crystals  can  be  obtained  from  solution.  It  is 
well  know^n  that  many  fine  crystals  are  found  in  nature,  but  these 
are  usually  so  involved  in  the  matrix  as  to  prevent  separation 
without  injury  and  are  often  unequally  developed  in  some  planes. 
Moore  required  some  perfect  crystals  of  sodium-potassium  tar- 
trate and  searched  through  several  tons  of  the  salt  finding  but 
little  material.  After  examining  the  published  methods,  he  de- 
vised a  plan  by  which  a  saturated  solution  of  the  substance  is 
made  at  a  temperature  between  35"^  and  40^  C.  This  is  heated  a 
few  degrees  higher  and  then  filtered.  The  temperature  must  be 
kept  slightly  above  the  saturation  temperature.  Small  crystals  of 
the  salt,  termed  "  seed-crystals,"  are  placed  in  a  jar,  the  solution 
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poured  in  the  jar  covered  and  placed  in  a  large  water-bath  which  is 
at  a  temperature  of  about  0.5°  above  the  saturation  temperature  of 
the  solution.  The  temperature  is  allowed  to  fall  practically  to  the 
saturation  temperature  of  the  solution.  By  means  of  a  sensitive 
thermostat  the  temperature  is  allowed  to  fall  about  0.1°  per  day 
until  the  crystals  have  increased  notably  in  size,  and  have  formed 
perfect  crystals.  This  usually  takes  a  short  time.  The  temperature 
is  then  allowed  to  fall  0.2°  per  day.  When  the  crystals  are  nearly 
an  inch  long  the  rate  of  cooling  is  increased  to  about  0.4°,  and  when 
they  are  well  over  i  inch  to  0.6°  per  day.  The  thermostat  setting  is 
changed  twice  each  day,  morning  and  evening.  When  the  solution 
has  cooled  to  room  temperature  the  crystals  are  taken  out  and  wiped 
with  a  soft  dry  cloth.  A  photograph  is  given  with  the  article  show- 
ing some  very  fine  crystals  of  sodium  potassium  tartrate  produced 
by  this  method.  The  process  is  slow — to  produce  perfect  crys- 
tals three  inches  long  requires  about  one  month.  They  are,  how- 
ever, well  worth  the  trouble.  Success  depends,  of  course,  largely 
on  steady,  slow  cooling.  Only  when  a  condition  of  slight  super- 
saturation  is  maintained  does  the  crystal  grow  perfectly  clear. 

H.  L. 

The  Insulating  Properties  of  Erinoid. — Erinoid  is  a  product 
of  the  action  of  formaldehyde  on  milk  proteins.  Casein  products 
as  substitutes  for  ivory,  bone  and  similar  substances  have  long 
been  known.  The  best  methods  for  their  production  were  due  to 
Swiss  and  German  chemists.  The  war  deprived  British  markets 
of  the  supplies,  and  British  chemists  took  up  the  matter  with  the 
result  of  obtaining  an  excellent  material  to  which  the  above  name 
was  given.  Its  insulating  properties  have  been  subjected  to  a 
careful  examination  by  R.  G.  Allen,  B.Sc,  whose  methods  and 
results  have  been  set  forth  in  the  Scientific  Proceedings  of  the 
Royal  Dublin  Society  (vol.  xv,  p.  331,  1919).  The  summary  of 
experiments  is  as  follows  : 

1.  When  dry,  erinoid  is  a  good  insulator  of  fairly  constant  insu- 
lation resistance.    It  is  slightly  hygroscopic,  but  not  so  much  as  fibre. 

2.  Erinoid  does  not  absorb  water  when  in  direct  contact  with 
it  so  readily  and  to  such  an  extent  as  red  fibre,  neither  is  it  so  reten- 
tive of  the  water  absorbed  as  the  latter. 

3.  When  its  surface  is  not  machined  its  resistance  greatly  de- 
pends upon  the  value  of  the  applied  voltage,  unless  water  electrodes 
are  used.  This  dependence  is  very  slight  in  the  case  of  unmachined 
fibre,  whether  mercury  or  water  electrodes  are  used.  In  the  case  of 
machined  erinoid  the  resistance  is  almost  independent  of  the  voltage. 

4.  It  is  practically  free  from  cUelectric  absorption,  but  the  latter 
is  appreciable  in  the  red  fibre. 

5.  The  relation  ])ointed  out  by  Rasch  and  Hinrichsen  between 
temperature  and  resistance  is  true  for  erinoid  and  fibre. 
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6.  Of  the  varieties  of  erinoid  tested,  red  is  the  most  absorbent  of 
water  and  generally  of  the  lowest  resistance. 

7.  Erinoid  of  blonde  color  has  a  considerably  larger  resistance 
than  the  other  varieties  tested :  probably  due  to  greater  skin  or  con- 
tact resistance.^ 

8.  The  specific  resistance  of  erinoid  diminishes  with  the  thick- 
ness of  the  sample. 

9.  The  break-down  voltage  of  erinoid  and  fibre  is  practically  the 
same.  H.  L. 

Largest  Aircraft  Engine.  (Poivcr  Plant  Engineering,  vol.  xxiii, 
Xo.  14.  p.  634,  July  15,  1919.) — Marked  progress  is  being  made  in 
the  design  of  internal  combustion  engines  to  keep  pace  with  the  ever- 
increasing  size  of  aircraft.  Undoubtedly  the  largest  aircraft  engine 
which  has  been  developed,  to  date,  is  the  850-h.p.  Duesenberg  motor. 
It  has  16  cylinders,  6  by  7^  in.,  in  two  rows  of  eight  each  set  in 
"  \'  "  form  at  an  angle  of  45  deg.  With  gear  drive,  the  weight  is 
1575  lbs.;  without  gear  drive,  1390  lbs.  On  direct  drive,  the  speed  is 
1500-1600  r.p.m. ;  and  with  gear  drive,  the  engine  speed  is  1800;  pro- 
peller 1 200-1 350  r.p.m.  Based  on  the  lower  rating  and  direct  drive, 
the  weight  of  the  engine  is  1.63  lbs.  per  h.p.,  a  remarkably  low  figure 
for  an  engine  of  this  type. 

Three  valves  are  provided  on  each  cylinder,  a  2§^-in.  inlet  valve 
and  two  exhaust  valves,  each  2  in.  in  diameter.  The  intake  vaJlve 
is  located  above  the  exhaust  valves,  and  by  this  plan  the  exhaust 
valves  are  cooled  by  the  incoming  mixture  and  the  mixture  itself  is 
slightly  warmed.  \'alves  are  operated  by  means  of  long  rocker  arms 
from  a  single  cam  shaft.  This  cam  shaft  is  ^^/^g  in.  in  diameter 
with  34-in.  hole,  and  is  705^  in.  long.  The  48  cams  are  forged 
integral  with  the  shaft.  Two  short  exhaust  pipes  per  cylinder  of 
2-in  o.d.  tubing  are  provided.  Gas  is  provided  by  four  carburetors, 
and  ignition  by  means  of  two  magnetos.  The  propeller  shaft  is 
geared  to  the  crank-shaft  in  the  ratio  of  2  to  3,  running  at  1200  r.p.m. 

Cam-shaft  and  rocker-arm  actuating  mechanism  are  enclosed  in 
a  dust-proof  housing,  and  to  this  mechanism  oil  is  fed  under  pres- 
sure. Rocker-arm  bearings  are  of  special  bronze,  and  the  cam-shaft 
bearings  are  of  aluminum  with  babbit  liners.  Connecting  rods  are  of 
the  straight  and  straddle  type,  fitted  with  bearings  of  special  bronze. 
Pistons  are  of  special  aluminum  alloy,  and  each  has  but  one  ring. 
They  are  heavily  ribbed  inside,  5^4  in.  deep  and  have  i^  in.  pis- 
ton pins. 

Cylinders  are  made  from  pierced  forgings  of  chrome-nickel 
steel.  The  cylinder  head  is  composed  of  steel  stampings  which  are 
first  welded  together,  then  screwed  into  the  cylinder,  and  afterward 
welded  to  the  cylinder.    The  water  jacket  of  stamped  sheet  steel  is 

*  This  was  definitely  shown,  later,  by  testing  machined  blonde  erinoid  and 
finding  it  had  practically  the  same  resistance  as  black  and  red  erinoid. 
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welded  in  position.  The  crank-shaft  is  2j'8  in-  in  diameter  and  has  a 
main  bearing  between  every  other  pair  of  crank-pins.  Oil  is  forced 
through  the  shaft  under  heavy  pressure  direct  to  all  bearings,  includ- 
ing those  of  the  connecting  rod. 

Of  the  barrel  type,  Avith  dry  sump  oil  pan,  the  crank-case  is 
fatted  with  strainers  at  each  end  so  that  the  oil  will  flow  to  the  pump 
regardless  of  the  angle  of  flight. 

Industrial  Uses  of  Soya  Bean  Oil. — The  soya  bean  is  the  seed 
of  a  plant  native  to  northeastern  Asia.  Although  practically  un- 
known in  this  country  before  1908,  very  large  shipments  have 
been  made  to  Europe  and  America  in  recent  years.  The  crude  oil 
obtained  by  expression  may  be  purified  by  sodium  hydroxide  as 
in  the  case  of  cottonseed  oil,  and  then  constitutes  a  valuable  food 
oil.  In  a  cruder  form  it  is  a  drying  oil,  and  owing  to  this  quality 
has  become  a  staple  of  the  paint  trade.  Henry  A.  Gardner, 
Director  of  the  Scientific  Section  of  the  Paint  Manufacturers' 
Association  of  the  United  States,  discusses  the  matter  in  Cir- 
cular 67  of  the  Educational  Bureau  of  that  association.  Soya  oil 
cannot  be  used  wholly  in  place  of  linseed  oil  on  account  of  the 
feebler  drying  powers  of  the  former,  but  may  be  used  to  the 
extent  of  about  50  per  cent.  In  such  large  admixture,  driers  must 
be  added.  Gardner  made  a  study  of  proposed  driers,  and  finds  that 
when  properly  selected  the  drying  power  of  the  soya  oil  is  very  high. 
Linoleates  are  the  best  salts.  Cobalt  and  manganese  salts  have  a 
tendency  to  produce  hard  films ;  lead  and  zinc  salts  produce  some- 
what elastic  films.  A  combination  of  the  two  sets  will,  therefore, 
be  best.     The  following  formulas  are  given  : 

Manganese  linoleate  containing   0.03  per  cent  of  Mn. 

Lead  linoleate  containing 0.20  per  cent,  of  Pb. 

Cobalt  linoleate  containing  o.oi  per  cent,  of  Co. 

and 

Lead  linoleate  containing   0.20  per  cent,  of  Pb. 

Cobalt  linoleate  containing  0.02  per  cent,  of  Co. 

The  cake  and  meal  after  tlie  extraction  of  llu'  oil  are  suitable 
as  stock-food  and  fertilizer. 

As  the  plant  is  a  native  of  a  region  in  which  the  climate  con- 
ditions closely  resemble  those  of  some  portions  of  the  United 
States,  the  cultivation  of  it  in  this  country  will  probably  be  suc- 
cessful. Es])ecially  in  those  sections  of  the  South  in  which  the 
boll-weevil  has  exterminated  cotton-raising,  ilir  cultivation  of 
this  i)lant  may  be  useful,  as  the  cotton-seed  mills  are  well  adapted 
for  the  crushing  of  the  soya  bean.  Crude  soya  oil  is  also  useful 
in  the  manufacture  of  soap.  H.  L. 
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INTRODUCTION— CLASSIFICATION. 

Many  curious  and  beautiful  phenomena,  of  which  the  mirage, 
the  rainbow,  the  halo,  the  azurecl  sky,  and  the  twilight  glow,  are 
some  of  the  more  conspicuous,  are  due  to  the  optical  properties 
of  the  air  and  the  foreign  substances  suspended  in  or  falling 
through  it.  All,  or  nearly  all,  of  them  have  been  the  objects  of 
innumerable  observations  and  many  careful  studies,  the  results 
of  which,  fortunately,  have  been  summarized  and  discussed  by 
various  authors.  The  most  extensive  discussion,  however,  of 
this  subject  is  by  Pernter  and  Exner,  whose  work,  "  Meteoro- 
logische  Optik,"  therefore,  will  be  largely,  but  by  no  means  ex- 
clusively, drawn  upon  for  the  material  of  this  section. 

When  one's  chief  or  only  purpose  in  discussing  the  optics  of 
the  air  is  to  describe  the  phenomena  seen,  it  is  convenient  to  divide 
them  into  such  general  classes  as  mirages,  rainbows,  halos,  cor- 
onas, etc.  For  explanatory  purposes  it  is  more  convenient,  per- 
haps, to  group  them  according  to  (a)  their  objective  or  material 
causes,  namely :  atmosphere,  raindrops,  water  droplets,  ice  crys- 
tals, etc.;  or  (b)  their  physical  causes,  such  as  reflection,  refrac- 
tion, diffraction,  etc. 

*  Continued  from  page  509,  Vol.  186,  October,  1918. 
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Each  of  the  above  classifications  has  its  advantages  and  dis- 
advantages. On  the  whole,  however,  the  division  according  to 
physical  causes  seems  best  suited  to  the  needs  of  an  explanatory 
discussion  and  therefore  is  here  adopted. 

Chapter  I. 

PERSPECTIVE   PHENOMENA. 

Apparent  Stair-step  Ascent  of  Clouds. — -The  stair-step  ap- 
pearance of  the  echelon  cloud  (Fig.  103)  is,  perhaps,  the  simplest 
sky  phenomenon  due  to  perspective.  The  exact  manner  by  which 
the  stair-step  or  terrace  illusion  is  brought  about  is  shown  by 
Fig.  123,  in  which  O  is  the  position  of  the  observer,  H  his  hori- 
zon, I,  2,  3,  etc.,  evenly  spaced  flat-bottomed  cumuli  of  the  same 

Fig.  123. 


Cloud  echelon  effect. 

base  elevation — flat-bottomed  and  of  constant  level  because  of  the 
api)roximately  uniform  horizontal  distril)Ution  of  moisture. 

Since  the  clouds  are  at  a  higher  level  than  the  ob.server,  each 
successive  cumulus,  as  the  distance  increases,  is  seen  at  a  lower 
angle  than  its  predecessor;  and  the  dark  bases  of  any  two  adja- 
cent clouds  appear  to  be  connected  with  each  other  by  the  lighter 
side  of  the  farther  one.  besides,  their  general  resemblance  to 
stair-steps  often  leads  one  into  the  error  of  "  seeing  "  the  con- 
nection between  any  two  adjacent  bases  to  l)e  at  right  angles  to 
both.  That  is,  starting  with  base  a.  the  light  side  of  cloud  3 
appears  as  a  vertical  surface  at  h.  jukI  its  base  as  a  dark  horizontal 
surface  at  r;  the  side  and  base  of  cloud  4  appear  as  the  next 
vertical  and  horizontal  surfaces,  (/  and  c,  res|)ectively,  and  so  on 
for  the  other  clouds;  the  whole  effect  merging  into  the  ai)])ear- 
ance  of  a  great  stairway,  consisting  of  the  horizontal  treads, 
a,  c.  e.  etc.,  connected  by  the  seemingly  vertical  risers,  h,  d ,  f,  etc. 

/Ipparcnf  ArcliiiKj  of  Cloud  Hands. — Occasionally  a  narrow 
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cloud  band  is  seen  to  stretch  almost,  if  not  entirely,  from  horizon 
to  horizon,  but  although  its  course  is  practically  horizontal  and 
its  direction  often  nearly  straight,  it  usually  appears  arched.  If 
even  the  nearest  portion  of  the  cloud  still  is  far  away,  the  apparent 
arching  is  slight.  On  the  other  hand,  when  the  cloud  is  near 
the  arching  is  great.  The  apparent  curve  is  neither  circular  nor 
elliptical,  but  resembles  rather  a  conchoid  whose  origin  is  at  the 
observer  and  whose  asymptote  is  his  horizon. 

The  angle  of  elevation  at  which  different  segments  of  the 
cloud  are  seen  clearly  varies  from  a  minimum  for  the  more  dis- 
tant portions  to  a  maximum  for  the  nearest.  Hence,  the  phe- 
nomenon in  question,  the  apparent  arching  of  the  band  along  its 
nearest  portions,  is  only  an  optical  illusion,  due  entirely  to  the 
projection  of  the  cloud  (above  the  observer's  level)  onto  the  sky. 

When  several  such  bands  or  streaks  occur  in  parallel,  they 
appear  to  start  from  a  common  point  at  or  beyond  the  horizon,  to 
terminate,  if  long  enough,  in  a  similar  opposite  point,  and  pro- 
gressively to  arch  and  spread  aj)art  as  they  approach  the  ob- 
server's zenith.  They  thus  form  the  pers])ective  effect  often 
called  "  Noah's  Ark  "  or  polar  bands. 

Apparent  Divergence  and  Convergence  of  Crepiisadar  Rays 
(Sunbeams). — Everyone  is  familiar  with  the  beautiful  phe- 
nomenon of  the  "  sun  drawing  water  " — sunbeams  that,  finding 
their  way  through  rifts  in  the  clouds,  are  rendered  luminous  by 
the  dust  in  their  courses.  Equally  familiar  and  equally  beautiful 
are  also  those  streaks  and  bands  of  pearly  lights  (where  the  lower 
atmosphere  is  illuminated)  and  azure  shadows  (where  only  the 
upper  atmo.sphere  is  illuminated)  that  often  at  twilight  and  occa- 
sionally at  dawn  radiate  far  out  from  the  region  of  the  sun,  and 
at  times  even  converge  towards  the  opposite  point  of  the  horizon. 
These,  too.  are  only  beams  of  sunlight  and  shadow  caused  by 
broken  clouds  or  irregular  horizon. 

All  such  crepuscular  rays,  w^hether  their  common  origin,  the 
sun,  be  below  or  above  the  horizon,  seem  first  to  diverge,  while 
the  few  that  cross  the  sky  appear  also  to  arch  on  the  way  and 
finally  to  converge  towards  the  antisolar  point. 

Here,  again,  the  facts  are  not  as  they  seem,  for  the  rays,  all 
coming,  as  they  do,  from  the  sun.  some  93,000,000  miles  away, 
necessarily  are  practically  parallel.  Their  apparent  divergence, 
convergence,  and  arching  are  all  illusions  due  to  perspective,  just 
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as  are  the  apparent  divergence,  convergence,  and  arching  of  the 
rails  on  a  long  straight  track. 

Apparent  Divergence  of  Auroral  Streamers. — Anyone  at  all 
familiar  with  the  appearance  of  auroral  streamers  will  recall  that 
at  most  localities  they  seem  to  radiate  from  some  place  far  below 
the  horizon.  In  reality  they  do  diverge  (or  converge,  if  one  pre- 
fers) slightly  since  they  follow,  approximately,  the  terrestrial 
lines  of  magnetic  force.  Indeed,  their  rate  of  convergence  is 
about  the  same,  on  the  average,  as  that  of  the  geographic  merid- 
ians at  the  same  latitudes,  and  therefore  far  less  than  one  w^ould 
infer  from  their  apparent  courses.  That  is,  their  seeming  rapid 
convergence  is  only  another  illusion  due  to  perspective,  just 
as  is  the  apparent  divergence  of  the  crepuscular  rays,  as 
above  explained. 

Apparent  Shape  {Flat  Vault)  of  the  Sky. — -To  everyone  the 
sky  looks  like  a  great  blue  dome,  low  and  flattish,  whose  circular 
rim  rests  on  the  horizon  and  whose  apex  is  directly  overhead.  So 
flat,  indeed,  does  this  dome  appear  to  be  that  points  on  it  estimated 
to  lie  half-way  between  the  rim  and  apex  generally  have  an  eleva- 
tion of  but  little  more  than  20°,  instead  of  45°,  as  they  would  if 
it  seemed  spherical. 

That  the  rim  of  the  sky  dome  should  appear  circular  is  ob- 
vious enough.  It  is  simply  because  the  horizon,  where  land  and 
sky  come  together,  itself  is  circular,  except  when  conspicuously 
broken  by  hills  or  mountains. 

To  understand  the  other  and  more  important  feature,  that  is, 
why  the  dome  looks  so  flat,  consider  ( i )  a  sky  filled  from  horizon 
to  horizon  with  high  cirrus  clouds.  These  seem  nearest  over- 
head for  the  simple  reason  that  that  is  just  where  they  are 
nearest.  As  the  horizon  is  approached,  the  clouds  merge,  through 
perspective,  into  a  uniform  gray  cover  that  appears  to  rest  on  the 
land  at  the  limit  of  vision,  whether  this  limit  be  fixed  by  the 
curvature  of  the  earth  or  by  haze,  and  the  whole  cloud  canopy 
may  seem  arched  just  as  and  for  the  same  reason  that  cloud 
streaks  and  crepuscular  rays  seem  arched,  as  alxn'c  explained. 
But  (2)  even  a  thin  cirro-stratus  veil  whose  |)arts  are  well-nigh 
indistinguishable  produces  a  similar  effect,  the  nearest  portions 
appearing  nearest,  largely  because  they  are  the  most  clearly  seen. 
Similarly,  when  there  are  no  clouds  the  sky  overhead  also  appears 
nearest   because  it  is  clearest;  and   that  unconscious  inference. 
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based  011  endless  experience,  is  correct — it  is  clearest  because 
nearest.  As  the  eye  approaches  the  horizon,  the  increasing  haze 
produces  the  impression  of  greater  distance;  and  this  impression 
is  entirely  correct,  for  the  blue  sky  seen  in  any  such  direction  is 
farther  away  than  the  sky  overhead.  In  short,  tlie  spring  of  a 
cloudless  sk}-  dome  is  "  seen  "  to  rest  on  the  distant  horizon  and 
its  ceiling  to  come  closer  and  closer,  in  proportion  to  increasing 
clearness,  as  the  zenith  is  approached.  The  shape,  then,  of  this 
dome  should  not  always  appear  the  same,  and  it  does  not — not 
the  same  on  a  clear  night,  for  instance,  as  on  a  clear  day. 

Impressions,  therefore,  of  the  "  shape  "  of  the  sky  are,  per- 
haps, not  so  erroneous  as  sometimes  they  are  said  to  be.  Indeed, 
they  usually  conform  surprisingly  well  to  the  actual  facts. 

Change,  zcitJi  Elevation,  of  Apparent  Si::e  of  Sun  and  Moon. 
— One  of  the  most  familiar,  as  also  one  of  the  most  puzzling,  of 
optical  illusions  is  the  change  between  the  apparent  sizes  of  the 
full  moon,  say,  or  of  the  sun,  at  rising  or  setting,  and  at  or  near 
culmination.     It  is,  however,  only  a  phenomenon  of  perspective. 

Since  the  solid  angle  subtended  at  any  place  on  the  earth  by 
the  moon,  as  also  that  subtended  by  the  sun,  is  sensibly  constant 
throughout  its  course  from  rising  to  setting,  it  follows  that  its 
projection,  and,  therefore,  its  apparent  size,  must  be  relatively 
large,  or  small,  as  the  place  of  projection  (sky  dome")  is  com- 
paratively far  away  or  nearby.  But,  as  already  explained,  the 
sky  dome,  against  which  all  celestial  objects  are  projected  and 
along  which  they  therefore  appear  to  move,  seems  to  be  farther 
away,  and  is  farther  away,  near  the  horizon  than  at  places  of  con- 
siderable elevation.  Hence  the  moon  and  the  sun  must  look  much 
larger  when  near  the  horizon  than  when  far  up  in  the  heavens, 
and  the  fact  that  they  do  so  look.  is.  as  stated,  merely  a  phe- 
nomenon of  perspective. 

The  familiar  fact  that  the  moon  appears  of  one  size  to  one 
person  and  a  different  size  to  another  clearly  is  also  due  to  per- 
spective. The  one  who  judges  it  large  imagines  his  comparison 
object  to  be  at  a  greater  distance  than  does  the  one  who  judges 
it  small.  Why  two  people,  however,  should  differ  so  widely  in 
their  reference  or  comparison  distances,  as  obviously  they  often 
do.  is  by  no  means  clear. 

Change,  with  Rlet'ation.  of  Apparent  Distance  Between 
Neighboring  Stars. — The  generally  recognized  fact  that  the  dis- 
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tance  between  neighboring  stars  appears  much  greater  when  they 
are  near  the  horizon  than  when  well  np  is  also  a  phenomenon  of 
perspective.  Its  explanation  is  identical  with  that  of  the  change, 
under  similar  circumstances,  of  the  apparent  diameter  of  the 
moon,  and  therefore  need  not  be  given  in  further  detail. 


Chapter  II. 

REFRACTION   PHEXOMEXA  :  ATMOSPHERIC  REFRACTION 

Astronomical  Refraction. — It  is  well  known  that  because  of 
astronomical  refraction  the  zenith  distance  of  a  star,  or  other 
celestial  object,  is  greater  than  it  seems,  except  when  zero,  to  an 
extent  that  increases  with  that  distance.     To  understand  this  im- 

FiG.  124. 


Refraction  of  lisht  on  change  of  media. 

portanl  phenomenon,  it  is  necessary  to  recall  two  experimental 
facts:  {a)  that  in  any  homogeneous  medium  light  travels  in  sen- 
sibly straight  lines,  and  (b)  that  its  velocity  (velocity  pertaining 
to  any  given  wave  fretpiency)  differs  from  medium  to  medium. 

Let,  then,  the  parallel  lines  .//^  and  Dli  (  b'ig.  IJ4)  l)e  the 
inter.sections  of  the  boundaries  between  three  homogeneous  media, 
1,  2.  3,  by  a  plane  normal  thereto  and  to  the  wave  front,  BC.  Let 
the  velocities  in  these  media  of  a  given  monochromatic  light  be 
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7'j,  t'o.  and  T';.,  respectively.  Hence,  when  the  Hght  disturbance 
at  C  has  travelled  the  distance  CA  in  the  first  medium,  that  at  A* 
will  have  g^one  the  distance  BE  in  the  second,  where  CA/ BE  = 
t'l  r-o.  and  AE  will  be  the  new  wave  front.  Similarly,  DE  will 
be  the  wave  front  in  the  third  medium,  and  so  on  for  any  addi- 
tional media  that  may  be  traversed. 

If  /  is  the  angle  between  the  normal  to  the  interface,  AB,  and 
the  direction  of  the  light,  both  in  medium  i,  and  r  the  corre- 
sponding angle  in  medium  2.  then,  as  is  obvious  from  the  figure. 


sin   t        Vi  .     .        Vi      ■ 

=  — ,  or  sin  I   =  —   sin  r. 

sin  r        f2  Vi 


V, 


Similarlv,  sin  r  =    ^  sin  r'.    Hence,  sin  z  =  —  sin  r'.     That 


is.  the  total  change  in  direction  of  the  light  depends  solely  on  its 
velocities  in  the  first  and  final  media,  respectively,  and  the  initial 
angle  of  incidence.     The  optical  densities  of  the  intermediate 

Fig.  125. 


Path  of  light  through  the  atmosphere. 


layers  may  abruptly  change  by  large  amounts,  as  indicated,  and 
thus  cause  the  light  to  follow  a  perceptibly  broken  course,  as  from 
air  to  water,  for  instance ;  or  they  may  change  so  graduallv  that 
the  path  is  a  smooth  curve,  even  to  the  closest  observation. 
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Since  the  ratio  of  the  velocity  of  hght  in  space  to  its  velocity 
in  any  given  gas,  or  definite  mixture  of  gases  (the  refractive 
index  of  that  medium),  increases  directly  with  density,  it  follows 
that  all  rays  of  light  that  cross  the  atmospheric  shell,  except  those 
that  enter  it  normally,  must  follow  continuously  curved  paths, 
somewhat  as  shown  to  an  exaggerated  extent  in  Fig.  125. 

To  determine  the  shape  of  such  a  curve  through  the  at- 
mosphere, let  (t>  (Fig.  125)  be  the  angle  between  the  radii  from  the 
centre  of  the  earth  at  the  place  of  observation  and  any  other  point 
along  the  course  of  a  refracted  ray. 

As  before. 

/U2  sin  r\  =  III  sin  z'l 

in  which  /Aj  and  (^2  are  the  refractive  indices  (with  reference  to 
space)  of  media,  or  layers,  i  and  2,  respectively,  i\  the  angle  of 
incidence  and  r^  the  angle  of  refraction  at  the  interface  between 
these  media  or  layers.   But,  corresponding  to  the  radii  R^  and  R.^, 


sin  2-2 
sin  r. 


Ri 


Hence. 

or,  in  general, 

h\irtlier. 


7^1  "1  sin   ;'i  =  R>  fh  sin  ii, 


R  /'  sin  I    =   C,  a  constant. 
(IR 


But  cot  / 


Hence,- 


and 


cos  ;    _        f  I    —  sin-  i 
sin    /  \        sin^  i 


i  ^''  R' 
^  -r  -  . 


(IR  M'-  R 

-r  =  R  -x    —FT   -  '- 


*  = 


i 


R  dR 


'  Rl   ,*^  R^ 

R.      V  ~r^ 


Clearly,  then,  the  value  of  </>  corresponding  to  a  definite  value 
of  R,  or  the  value  of  R  appropriate  to  a  definite  value  of  <^,  de- 
pends upon  the  relation  of  /a  to  R.  or,  very  nearly,  the  relation  of 
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the  density  of  the  atmosphere  at  any  point  to  the  altitude  of  that 
point.  Hence,  refraction  curves  may  be  drawn  for  different 
angles  of  incidence,  or,  if  preferred,  for  different  apparent  alti- 
tudes, according  to  any  assumed  distribution  of  atmospheric 
density — a  distribution  fairly  well  known. 

The  approximate  value  of  astronomical  refraction,  that  is, 
its  value  generally  to  within  one  second  of  arc,  through  all 
zenith  distances  up  to  at  least  60°,  may  easily  be  obtained  as 
follows  :  Assume  the  atmosphere  to  be  flat,  as  it  nearly  is,  over  the 
restricted  area  through  which  stars  may  be  seen  whose  zenith 
distances  are  within  60°,  or  thereabouts.  Let  0  (Fig.  126)  be  the 
position  of  the  observer,  5"  the  true  position  of  a  star  and  S'  its 
apparent  position. 

Fig.  126. 


I 


Approximate  astronomical  refraction. 


As  explained  above, 


sin  I    =  fj-  sin  r 


in  which  m  is  the  refractive  index  of  the  air  at  the  point  of  observa- 
tion, /  the  actual  and  r  the  apparent  zenith  distance.    But 

in  which  8  is  the  angle  of  deviation. 
Hence, 

sin  {r  -\-  6)  =  sin  r  cos  '^  +  cos  r  sin  (5    =  /i  sin  r 

When  the  angle  of  incidence  is  60°,  or  less,  8  is  always  very 
small,  and 

s\n  6   =   ifi   —   i)  tan  r,  nearly. 

Expressed  in  seconds  of  arc  this  gives 

'!"   =   206265"  (,"   —   i)  tan  r 
Vol.  188,  Xo.  11 26 — 2Z 
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in  which  the  numerical  coefficient  is  the  approximate  number  of 

seconds  in  a  radian. 

For  dry  air  at  o°  C.  and  760  mm.  pressure,  the  average  value 

of  /J-  is  about  1.000293. 

Hence,  also 

rf"   =  60". 4  tan  r. 

But  for  gases  ju.  -  i  =  Kp,  very  closely,  in  which  K  is  a  con- 
stant and  p  the  density. 
Hence,  finally, 

21". 7  B  ^ 
(5"    =    = —  tan  r, 

in  which  B  is  the  height  of  the  barometer  in  millimetres,  and  T 
the  absolute  temperature  in  degrees  C. 

Fig.  127. 


Astronomical  refraction  (Lord  Rayleigh). 

As  a  matter  of  fact,  the  atmospheric  shell  is  not  plane,  even 
over  small  areas,  but  slightly  curved,  and  therefore  the  complete 
formula  for  astronomical  refraction,  such  as  is  needed  for  the 
construction  of  tables  to  be  used  in  the  most  accurate  measure- 
ments of  star  positions,  is  rather  complicated.  Probably  the 
briefest  and  simplest  derivation  of  a  formula  adequate  for  all 
zenith  distances  to  at  least  75°  is  due  to  Lord  Raleigh,^"'  and  is 
essentially  as  follows :  '•  • 

Let  p,^,  pj,  p..,  etc.,  be  the  normals  from  the  centre  of  the  earth 
onto  the  tangents  of  a  ray  path  through  the  atmosphere  at  the 

"' PAt7.  Mflflr.,  36,  p.  141,  1893.  -        V.       ^ 
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points  where  the  retractive  indices  are  m,,.  /*i.  /*2i  ^tc,  respectively. 
Let  /o.  'i-  'j-  ^tc.  be  the  angles  of  incidence,  and  Ti,  r2,  etc.,  the 
corresponding  angles  of  refraction.    Then  (see  Fig.  127), 

ffl   =  sin  r,   ^  pi 
fi         sin  .'0        />o 


Hence, 


IH  ^  sin  r-j  ^   p2        ^ 
/*«        sin  /)        pi  ' 


H  p   =  constant. 


Let  the  tangent  to  the  ray  path,  where  it  enters  the  atmosphere, 
meet  the  vertical  at  the  distance,  C,  above  the  point  of  observa- 
tion. A;  let  /u-,-be  the  refractive  index  a.t  A;  0  the  apparent  zenith 
distance:  8^  the  total  refraction;  and  R  the  radius  of  the  earth. 
Then,  since  the  refractive  index  of  space  is  i, 

f,  p2   =  po,  or  Us  R  sin  d   =    (R  +  C)  sin  (f>  +  Se) (A) 

Obviously,  the  refraction.  8^,  could  be  determined  from  this 
equation  directly  if  the  value  of  C  were  known.    But 

C  =    ^ (B) 

sin  " 

in  which  n,  the  total  linear  deviation  of  the  ray,  may  be  substituted 
by  known  terms.  Hence,  C  and,  therefore,  SO  are  determinable. 
To  determine  u,  let  a  be  the  angle  which  the  ray  makes  with 
the  direction  of  most  rapid  increase  of  index  of  refraction  (at  the 
surface  a  equals  0)  ;  c  the  vertical  coordinate;  and  v  the  velocity 
of  light.  Nov/  consider  a  wave  front  moving  through  the  at- 
mosphere in  any  direction  except  vertical.  The  portion  in  the 
higher  or  thinner  air  will  move  faster  than  that  in  the  denser  air 
and  the  path  will  be  curved.  H  p  is  the  radius  of  curvature  and  dp 
is  regarded  as  positive  when  measured  towards  the  centre,  then, 
as  is  obvious  from  Fig.  128, 

dp  _  _  dv 

Also,  since  the  refractive  index,  11,  is  inversely  proportional 
to  the  velocity,  v, 

dp   _  dfj- 
P  ^ 
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Hence,  calling  the  path  s,  and  since 


dp        dz 
d  \o^/i        d  lop// 


-sm«     = 


sin  o(  , 

d  log// 


tana     =   —- 
ds  ds^ 


p  cp  cz 

To  a  close  approximation, 

du    r       , ,  ,       , 

— -    =/tan(X    d  log/i    =   tanoc    (//    —   i)   +  a, 
as     J 

in  which  a  is  the  constant  of  integration  and  /a  -  i  is  substituted 
for  logc'^,  ^  l>eing  but  little  greater  than  i,  and 


u    =   tanoc  /(//   —   \)  ds  -Y  as   +  h, 
=    ^-/(/^  -    I)  rf2   +  a5   +   i  . 


(C) 


Curvature  of  a  lifiht  path  in  the  air. 

But  /i.  -  I  is  directly  proportional  to  the  density.     Hence,  if 
the  height,  h,  in  "  the  homogeneous  atmosphere  "  be  such  that  air 
below  it  is  the  same  as  below  z  in  the  actual  atmosphere,  and  if 
the  origin  be  taken  at  the  surface  where  a  =  ^.  and  /a  =  /x« 

sin  *'   fh  ,  .    ,  sin  W 


Oct..  1919.I  Optics  of  the  Air.  445 

For  the  limit  of  the  atmosphere,  and  any  point  beyond,  h  =  H, 
the  height  of  the  homogeneous  atmosphere,  or  about  7.990  x  10  cm. 
For  stars,  therefore,  viewed  from  the  surface  of  the  earth, 


sin  f^ 
cos- 


u   =   {u,  -   i)  H  ^^ (D) 


Substituting  this  value  of  u  in  (B)  we  get 

^  ^  (Ms  -  1)  H 
cos*  ^ 

Hence,  substituting  in  (A), 

.,/?sin^=]/?  +  ^^^^-^||  ^  +  ^^y 

With  this  equation  it  is  only  a  matter  of  arithmetic  to  com- 
pute a  table  of  corrections,  that  is,  values  of  B6  for  every  value  of 
6  and  h-s  ;  0  being  the  apparent  or  observed  zenith  distance,  and  /w» 
the  current  refraction  at  the  surface,  given  by  the  equation 

^*  760  T 

in  which  B  is  the  height  of  the  barometer  in  millimetres,  T  the 
absolute  temperature  in  degrees  C,  and  (j-q  atmospheric  refraction 
at  0°  C.  and  760  mm.  pressure. 

Since  8^  is  small,  we  have  from  (^ ) ,  to  a  close  approximation, 

f^^   =  sin  '^'^   =   *    „    ,„  —  tan  W  cos  <^d 

I  +  C/R 


'»"'    1  .  +'"c/R  -  ■  +  «  («)■  \ 

(  f^,  C  } 

tand    ■<  f^s  -    —    -   1    +  H  i'W    y.  nearly. 

But.  from  the  laws  of  refraction, 

/i,  sin»   =   sin  (d+'fO) 
from  which 

'50   =   (/^»   —    I)  t  n  e,  nearly. 

Hence, 

ri«  =    (,/,  _  I)  tan  0  -j  I  -  —J^ — —  +  y2if^,  -  i)  tan'  e  I  ,  approximately. 


446  W.  J.  Humphreys.  [J-F.  I. 

Substituting  for  C  its  value  and  noting  that 

^r-^   =   I    +  tan=6l.,..    - 
cos^  6  ■  ' 

this  equation  reduces  to 

60   =   {,.  -   i)(i   -  '-^)  tane   -   {,.   -  I)   (^-^  -  '^^)  tan'e 
=   (/'s  -   i)   (i    -  ^)  tane    -   (y"s   -   i)   (—   -   -^ -\   tan^e,  nearly. 

If  //  =  7.990x10^  cm.;  7^  =  6.3709x10^  cm.;  and  /*s  -  i  = 
.0002927,  all  closely  approximate  values,  then, 

<^d   =  6o".29  tan^   -  o". 06688  tan'^. 

This  is  Lord  Rayleigh's  final  equation,  and  it  appears  to  be 
exceedingly  accurate  for  all  values  of  ^  up  to  at  least  75°,  or  as 
far,  perhaps,  as  irregular  surface  densities  generally  allow  any 
refraction  formula  to  be  used  with  confidence. 

Since  the  index  of  refraction  varies  from  color  to  color,  it 
follows  that  star  images  are  drawn  out  into  vertical  spectra.  The 
amount  of  this  effect,  however,  is  small.  Thus  the  difference 
between  the  refractions  of  red  and  blue-green  is  only  about  one 
one-hundredth  of  the  total  refraction  of  yellow  (D)  light.  Hence, 
the  approximate  angular  distance  between  the  red  and  blue-green 
images  of  a  star  at  the  zenith  distances,  30°,  45°,  60°  and 
75°  are  o".35,  o".6o,  i".04,  and  2". 24,  respectively.  Possibly  this 
may  account,  in  part  at  least,  for  the  fact  that  stellar  declinations, 
as  determined  from  the  northern  and  southern  hemispheres,  re- 
spectively, are  not  quite  the  same. 

Scintillation  or  Twinkling  and  Unsteadiness  of  Stars. — The 
scintillation  or  twinkling  of  stars,  that  is,  their  rapid  changes  in 
brightness  and  occasionally  also  in  color,  especially  when  near 
the  eastern  or  western  horizon,  is  a  well-known,  antl  now  well- 
understood,  phenomenon  that  for  many  centuries,  certainly  since 
the  days  of  Aristotle  (384-322  B.C.),  who  noted  the  fact  that  the 
fixed  stars  twinkle  while  the  planets  shine  with  com])aratively 
steady  lights,  has  been  observed,  investigated,  and  discussed. 
The  most  systematic  and  complete  observations,  however,  of 
scintillation  are  those  made  by  Respighi  '"'*  with  a  spectroscope 

"*  Assoc.  Frangaise  pour  rAvancement  des  Sciences,  I,  1872,  p.  148. 
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during  the  years   1868- 1869.  and  summed  up  substantially  as 
follows : 

(i)  In  the  spectra  of  stars  near  the  horizon  more  or 
less  broad  and  distinct  dark  and  bright  bands 
sweep  with  greater  or  less  velocity  from  the  red 
to  the  violet  and  from  the  violet  to  the  red  or 
oscillate  from  the  one  to  the  other;  and  this 
whatever  the  direction  of  the  spectra,  from  the 
horizontal  to  the  vertical. 

(2)  When  the  conditions  of  the  atmosphere  are  nor- 

mal the  dark  and  bright  bands  of  western  stars 
travel  regularly  from  the  red  to  the  violet,  and 
of  eastern  from  the  violet  to  the  red ;  while  in 
the  neighborhood  of  the  meridian  they  usually 
oscillate  from  the  one  color  to  the  other,  or  even 
are  limited  to  a  portion  of  the  spectrum. 

(3)  On  examining  the  horizontal  spectrum  of  a  star 

sensibly  parallel  dark  and  bright  bands  more  or 
less  inclined  to  the  axis  (transverse)  of  the 
spectrum  are  seen  passing  from  the  red  to  t\ie 
violet  or  reversely,  according  as  the  star  is  in 
the  west  or  east. 

(4)  The  inclination  of  the  bands,  or  angle  between 

them  and  the  axis  (transverse)  of  the  spec- 
trum, depends  upon  the  altitude  of  the  star; 
increasing  rapidly  from  o^  at  the  horizon  to 
90°  at  an  elevation  of  30°  to  40'^,  where  they, 
therefore,  are  longitudinal. 

(5)  The    inclination   of    the   bands,    reckoned    from 

above,  is  towards  the  violet  end  of  the  spectrum. 

(6)  The  bands,  most  distinct  at  the  horizon,  become 

less  conspicuous  with  increase  of  elevation. 
Above  40 "^  the  longitudinal  bands  reduce  to 
mere  shaded  streaks  and  often  can  be  seen  in  the 
spectrum  only  as  slight  general  changes  of 
brightness. 

(7)  With  increase  of  elevation  the  movement  of  the 

bands  becomes  more  rapid  and  less  regular. 
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(8)  On  turning  the  spectrum  from  the  horizontal  the 

incHnation  of  the  bands  to  the  transversal  con- 
tinuously diminishes  until  it  becomes  zero,  when 
the  spectrum  is  nearly  vertical.  They  also  be- 
come less  distinct,  but  continue  always  to  move 
in  the  same  direction. 

(9)  The  bright  bands  are  less   frequent  and  more 

irregular  than  the  dark,  and  are  well-defined 
only  in  the  spectra  of  stars  near  the  horizon. 

( 10)  In  the  midst  of  this  general  and  violent  move- 

ment of  light  and  shade  over  the  spectra  of 
stars,  the  Fraunhofer  lines  peculiar  to  the  light 
of  each  star  remain  quiescent  or  are  subject  to 
only  very  slight  oscillations. 

(11)  When  the  atmospheric  conditions  are  abnormal, 

the  bands  are  fainter  and  more  irregular  in 
form  and  movement. 

(12)  When  the  wind  is  strong,  the  bands  usually  are 

quite  faint  and  ill-defined;  .the  spectra  even  of 
stars  near  the  horizon  showing  mere  changes 
of  brightness. 

(13)  Good  definition  and   regular  movement   of  the 

bands  appear  to  indicate  the  continuance  of  fair 
weather,  while  varying  definition  and  irregular 
motion  seem  to  imply  a  probable  change. 

These  observations  show  that  the  dark  bands  are  due  to  tem- 
porary deflection  of  light  from  the  object  glass  by  irregularities 
in  the  density  of  the  atmosphere.  For  stars  near  the  horizon,  the 
linear  separation  of  the  rays  of  different  color  is  so  great  as  they 
pass  through  the  atmosphere  to  the  observer  that  successive  por- 
tions of  the  spectrum  may  be  deflected  from  or  concentrated  onto 
(light  deficiencies  in  a  transparent  medium  must  be  balanced  by 
light  concentrations,  and  vice  versa),  the  telescope  or  eye.  Hence, 
the  progression  of  bright  and  dark  bands  along  the  spectra  of 
low  altitude  stars,  and  their  rapid  change  of  color  to  the  un- 
aided eye. 

Further,  since  the  path  of  the  more  refrangible  light  neces- 
sarily lies  above  that  of  the  less  refrangible  (Montigny's  prin- 
ciple) it  follows  that  an  atmospheric  irregularity  travelling  or 
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rotating  with  the  earth  would  affect  the  different-colored  rays 
from  stars  in  the  west  in  the  order  of  red,  green,  blue,  violet,  and 
rays  from  stars  in  the  east  in  the  reverse  order.  If,  then,  the 
separation  of  the  extreme  rays  is  large  in  comparison  to  the 
effective  dimension  of  the  air  irregularity,  the  resulting  band  will, 
at  any  given  instant,  cover  only  a  portion  of  the  spectrum.  But 
the  approximate  amount  of  this  separation  is  readily  obtained 
from  equation  (D),  page  445.  Thus,  for  the  limit  of  the 
atmosphere. 

sine 

ciu    =  a  ,"s  H — 

cos-0 

Hence,  at  the  zenith  distance,  80°,  the  red  and  violet  rays 
simultaneously  received  by  the  observer  from  the  same  star  will 
be  separated  at  the  limit  of  the  atmosphere  (assuming  the  dis- 
persion between  these  rays  to  be  one-fiftieth  the  refraction  of 
yellow  light)  by  about  156  centimetres,  and  proportionately  for 
levels  below  which  definite  fractions  of  the  total  mass  of  the 
atmosphere  lie.  For  the  zenith  distance,  40°,  however,  the  cor- 
responding separation  at  the  limit  of  the  atmosphere  is  only  about 
5  centimetres,  and  for  20°  about  2  centimetres.  Inequalities  in 
the  atmosphere  may,  therefore,  interfere  with  only  a  portion  at 
a  time  of  the  spectrum  of  a  star  near  the  horizon  and  thus  pro- 
duce the  phenomenon  of  a  travelling  band,  while  in  the  case  of  a 
star  whose  zenith  distance  is  40°,  or  less,  the  interference  will 
include  nearly  or  quite  the  entire  spectrum,  and  thus  produce 
mere  changes  of  brightness. 

It  is  generally  stated  that  the  direction  of  travel  of  the  bands 
during  fine  weather,  red  to  violet  for  stars  in  the  west,  violet  to 
red  for  stars  in  the  east,  and  irregularly  or  simultaneously  over 
the  entire  spectrum  for  stars  near  the  meridian,  is  directly  de- 
pendent upon  the  west  to  east  rotation  of  the  earth.  It  is  cor- 
rectly stated  (on  assumption  of  a  stationary  atmosphere)  that 
this  rotation  would  cause  an  atmospheric  irregularity  to  affect  the 
red  rays  first  and  the  violet  last,  violet  first  and  red  last,  and 
all  rays  more  or  less  simultaneously,  of  stars  in  the  west,  east, 
and  near  the  meridian,  respectively.  But  the  order  would  be  the 
same  if  the  earth  were  at  rest  and  the  air  travelling  from  west  to 
east.  As  a  matter  of  fact,  over  most  of  the  earth  outside  the 
tropics  the  west  to  east  angular  velocity  of  the  general  winds, 
as  seen  by  the  observer,  is  several  times  that  of  the  earth.    Hence, 
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the  rate  at  which  the  disturbance  drifts  across  the  hne  of  sight 
presumably  depends  much  more  on  the  direction  of  the  prevail- 
ing winds  than  upon  the  rotation  of  the  earth.  Indeed,  in  tropi- 
cal regions,  where  the  prevailing  winds  are  from  easterly  points, 
the  usual  direction  of  travel  of  the  bands  probably  (if  the  above 
reasoning  is  correct)  is  reversed. 

The  disappearance  of  distinct  bands  with  high  winds  is  due, 
of  course,  to  the  more  complete  mixing  of  the  atmosphere  at 
such  times. 

In  the  same  general  way,  atmospheric  inequalities  produce 
"  unsteadiness,"  or  rapid  changes  in  the  apparent  positions  of 
stars  as  seen  in  a  telescope.  In  reality,  this  is  a  telescopic  form 
of  scintillation  which,  because  never  amounting  to  more  than  a 
very  few  seconds  of  arc,  the  unaided  eye  cannot  detect.  On  the 
other  hand,  the  great  changes  in  brightness  and  color  so  con- 
spicuous to  the  naked  eye  are  scarcely  if  at  all  noticeable  in 
a  large  telescope.  This  is  because  the  object  glass  is  so  large 
that,  in  general,  light  deflected  from  one  portion  of  it  is  caught 
in  another. 

Scintillation  of  the  Planets,  Sun,  and  Moon. — It  is  commonly 
stated  that  the  planets  do  not  scintillate — that  the  light  from 
the  several  portions  of  their  disks  follow  such  different  paths 
through  the  atmosphere  that  not  all  nor  even  any  large  portion 
of  it  can  be  afifected  at  any  one  time.  It  is  true  that  because  of 
their  sensible  disks  the  scintillation  of  planets  is  much  less  than 
that  of  fixed  stars,  but  under  favorable  circumstances  their  scin- 
tillation is  quite  perceptible.  Even  the  rims  of  the  sun  and  the 
moon  boil  or  "  scintillate  "  while,  of  course,  any  fine  marking  on 
either  or  on  a  planet  is  quite  as  unsteady  as  the  image  of  a 
fixed  star. 

Nature  of  Irregularities. — It  is  well  known  that  the  at- 
mosphere, generally,  is  so  stratified  that  with  increase  of  elevation 
many  more  or  less  abrupt  changes  occur  in  temperature,  com- 
position, density,  and,  therefore,  refrangibility.  As  such  layers 
glide  over  each  other,  billows  are  formed,  and  the  adjacent  layers 
thereby  corrugated.  The  several  layers  frequently  also  heat 
unequally,  largely  because  of  disproportionate  vapor  contents, 
and  thereby  develop,  both  day  and  night,  and  at  various  levels, 
innumerable  vertical  convections;  each  moving  mass  differing, 
of  course,  in  density  from  the  surrounding  air,  and  by  the  chang- 
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ing  velocity  being  drawn  out  into  dissolving  filaments.  Optically, 
therefore,  the  atmosphere  is  so  heterogeneous  that  a  sufficiently 
bright  star  shining  through  it  would  produce  on  the  earth  a  some- 
what streaky  pattern  of  light  and  shade. 

Shodozi'  Bands. — A  striking^ proof  of  the  optical  streakiness 
of  the  atmosphere  is  seen  in  the  w^ ell-known  shadow  bands  that  at 
the  time  of  a  total  solar  eclipse  appear  immediately  before  the 
second,  and  after  the  third,  contact. 

Terrestrial  Scintillation. — A  bright  terrestrial  light  of  small 
size,  such  as  an  open  electric  arc.  scintillates  when  seen  at  a  great 
distance,  quite  as  distinctly  as  do  the  stars  and  for  substantially 
the  same  reason,  that  is,  optical  inequalities  due  to  constant  and 
innumerable  vertical  convections  and  conflicting  winds. 

Shinuncring. — The  tremulous  appearance  of  objects,  the 
common  phenomenon  of  shimmering,  seen  through  the  atmos- 
phere immediately  over  any  heated  surface,  is  another  manifesta- 
tion of  atmospheric  refraction,  and  is  due  to  the  innumerable 
fibrous  convections  that  always  occur  over  such  an  area. 

Optical  Haze. — The  frequent  indistinctness  of  distant  objects 
on  warm  days  when  the  atmosphere  is  comparatively  free  from 
dust,  and  ascribed  to  optical  haze,  is  due  to  the  same  thing,  namely, 
optical  heterogeneity  of  the  atmosphere,  that  causes  that  un- 
steadiness or  dancing  of  star  images  that  so  often  interferes  with 
the  positional  and  other  exact  work  of  the  astronomer.  Both 
are  but  provoking  manifestations  of  atmospheric  refraction. 

Times  of  Rising  and  Setting  of  Sun,  Moon,  and  Stars. —  An 
interesting  and  important  result  of  astronomical  refraction  is  the 
fact  that  the  sun,  moon,  and  stars  rise  earlier  and  set  later  than 
they  otherwise  would.  For  places  at  sea  level  the  amount  of 
elevation  of  celestial  objects  on  the  horizon  averages  about  35', 
and  therefore  the  entire  solar  and  lunar  disks  may  be  seen  before 
(on  rising)  and  after  (on  setting)  even  their  upper  levels  would 
have  appeared,  in  the  first  case,  or  disappeared,  in  the  second,  if 
there  had  been  no  refraction.  This  difference  in  time  of  rising, 
or  setting,  depends  on  the  ang^e  or  inclination,  a,  of  the  path  to 
the  horizon.    In  general,  it  is  given  by  the  equation, 

/    =    140"  csco,  about. 

The  minimum  time,  therefore,  occurs  when  the  path  is  nor- 
mal to  the  horizon  and  is  about  2*"  20*,  while  the  maximum,  which 
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obviously  occurs  at  the  poles,  is  infinite  in  the  case  of  stars  that 
just  clear  the  horizon,  and,  for  the  sun,  about  a  day  and  a  half,  the 
time  required  near  equinox  for  the  solar  declination  to  change 

Green  Flash. — As  the  upper  limb  of  the  sun  disappears  in  a 
clear  sky  below  a  distant  horizon  its  last  star-like  point  often  is 
seen  to  change  rapidly  from  pale  yellow  or  orange  to  green  and 
finally  blue,  or,  at  least,  a  bluish-green.  The  vividness  of  the 
green,  when  the  sky  is  exceptionally  clear,  together  with  its  almost 
instant  appearance,  has  given  rise  to  the  name  "  green  flash  "  for 
this  phenomenon  The  same  gamut  of  colors,  only  in  reverse 
order,  occasionally  is  seen  at  sunrise. 

The  entire  phenomenon  has  been  described  by  some  as  merely 
a  complementary  after-image  efifect,  that  is,  the  sensation  of  its 
complementary  color  that  frequently  follows  the  sudden  removal 
of  a  bright  light.  This  explanation,  however,  cannot  account  foi 
the  reverse  order  of  the  colors  as  seen  at  sunrise.  Neither  does 
it  account  for  the  twinkling  of  the  "  flash  "  close  observation  now 
and  then  reveals,  nor  for  the  fact  that  when  the  sun  is  especially 
red  the  "  flash  "  is  never  seen. 

It  is  not,  indeed,  a  physiological  efifect,  but  only  the  inevitable 
result  of  atmospheric  refraction,  by  virtue  of  which  as  a  celes- 
tial object  sinks  below  the  horizon  its  light  must  disappear  in  the 
order  of  refraniribility ;  the  red  first,  being  least  refrangible,  then 
the  green,  and  finally  the  blue  or  most  refrangible.  Violet  need 
not  be  considered,  since  only  a  comparatively  small  portion  of  it 
can  penetrate  so  far  through  the  atmosphere. 

It  may  properly  be  asked,  then,  why  these  color  changes  do 
not  apply  to  the  whole  solar  disk.  The  answer  is,  because  the 
angular  dispersion,  due  to  the  refraction  of  the  atmosphere,  be- 
tween the  several  colors  is  very  small — between  red  and  green, 
for  instance,  only  about  20",  even  when  the  object  is  on  the 
horizon,  so  that  any  color  from  a  given  point  on  the  sun  is  rein- 
forced by  its  complementary  color,  thus  giving  white  from  a 
clo.sely  neighboring  point.  Hence,  color  phenomena  can  appear 
only  when  there  are  no  such  neighborinfr  points,  or  when  only  a 
minute  portion  of  the  disk  is  above  the  horizon.  It  must  further 
be  noted  that  color  efi^ects,  due  to  the  general  refraction  of  the 
atmosphere,  occur  onU'  when  the  source  (brilliant  point)  is  on  the 
horizon.    Stars  above  the  horizon  are  not  permanently  drawn  out 
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into  rainbow  bands,  and  that  for  the  simple  reason  that  the  red 
hght  by  one  route  is  supplemented  by  the  green,  blue,  etc.,  by 
others  and  the  whole  blended  into  white,  yellow,  or  whatever  the 
real  color  of  the  star  may  be.  This  multiplicity  of  routes  and 
consequent  blending  of  color,  is  not  possible  for  rays  of  light  from 
objects  just  sinking  below  or  rising  above  the  horizon,  and, 
therefore,  under  such  circumstances,  they  pass  through  a  series 
of  color  changes. 

Terrestrial  Refraction. — The  curving  of  rays  of  light  is  not 
confined  to  those  that  come  from  some  celestial  object,  but  ap- 
plies also  to  those  that  pass  l:)etween  any  points  within  the  at- 
mosphere, whether  at  the  same  or  different  levels.     This  latter 


Approximate  terrestrial  refraction. 


phenomenon,  known  as  terrestrial  refraction,  causes  all  objects 
on  the  earth  or  in  the  atrhosphere  to  appear  to  be  at  greater  alti- 
tudes than  they  actually  are,  except  when  the  surface  air  is  so 
strongly  heated  as  to  cause  an  increase  of  density  with  elevation 
and  thus  produce  the  inferior  mirage,  described  below. 

Terrestrial  refraction  is  also  a  matter  of  great  importance, 
especially  to  the  geodesist,  and  its  complete  analysis,  from  which 
practical  tables  may  be  constructed,  essentially  the  same  as  that 
of  astronomical  refraction.  It  will  be  instructive,  however,  to 
consider  a  few  graphical  corrections  of  apparent  elevations. 

Let  ON  (Fig.  129)  be  normal  to  the  surface,  OD,  of  the  earth, 
and  let  P  be  observed  from  O.  Obviously  P,  whose  horizontal 
distance,  OD.  may  be  supposed  known,  will  seem  to  be  at  P'  and 
thus  its  apparent  altitude  greater  than  the  actual  by  the  distance 
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PP' .  From  the  angle  r,  the  density  of  the  air  at  the  observer's 
position,  O,  and  the  approximate  density  at  P  (known  from  the 
approximate  height  of  P)  it  is  easy  to  draw  OP"  parallel  to  the 
tangent  at  P  to  the  refraction  curve,  SPO.  This  gives  P",  neces- 
sarily below  P.    Hence  P  lies  somewhere  between  P'  and  P". 

A  more  exact  determination  could  be  had  by  drawing  the 
curve  of  refraction.  OPS,  corresponding  to  the  angle  r  and  noting 
its  intersection  with  the  normal  at  D. 

H  the  observer  happens  to  be  at  P,  the  point  0  will  appear 
elevated  to  O'.  Clearly,  however,  from  a  knowledge  of  the  angle 
PO'N,  and  the  approximate  air  densities  at  P  and  0,  one  may 
draw  FO"  parallel  to  P'O,  and  thus  locate  O  somewhere  between 
the  two  determined  points  0'  and  0".  Here,  too,  it  would  be 
more  accurate  to  use  the  refraction  curve,  SPO. 

Even  initially  horizontal  rays  normally  curve  down  towards 
the  surface  of  the  earth,  so  that  objects  at  the  observer's  own 
level,  as  well  as  those  above  and  below  it,  appear  elevated.  To 
understand  this  phenomenon,  consider  a  wave  front  normal  to 
the  surface  of  the  earth  and,  consequently,  moving  horizontally. 
If,  now,  the  density  of  the  air  at  the  place  in  question  decreases 
with  increase  of  elevation,  as  it  nearly  always  does,  the  upper  por- 
tion of  the  wave  front  will  travel  faster  than  the  lower,  and  the 
path  will  be  bent  down  towards  the  earth  along  a  curve  whose 
radius  depends  upon  the  rate  of  this  density  decrease.  For  ex- 
ample, let  the  corrected  height  of  the  barometer  be  760  mm.,  the 
temperature  17°  C,  and  the  rate  of  temperature  decrease  with 
elevation  5°  C.  per  kilometer;  conditions  that  not  infrequently 
obtain  at  sea  level.  On  substituting  these  values  in  the  density- 
elevation  equation,  it  a])pears  that  the  density  gradient  would 
be  such  that  if  continuous  the  limit  of  the  atmosphere  would 
be  reached  at  an  elevation  of  about  10  kilometres.  Ilcnce, 
under  these  circumstances,  the  velocity  of  light  at  an  elevation  of 
10  kilometres  would  be  to  its  velocity  at  the  surface  in  the 
ratio  of  1,000,276  to  1,000,000,  approximately,  since  the  re- 
fractive index  of  the  lower  air  would  be  1.000.276.  about.  The 
radius  of  curvature,  r,  therefore,  is  closely  given  in  kilometres 
by  the  equation, 

r  I ,000,000 

r  4-   10         1,000,276 
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Hence,  r  =  36,232  kilometres,  or  approximately  5.7  times  the 
radius  of  the  earth. 

It  is  conceivable,  therefore,  that  the  size  of  a  planet  and  the 
vertical  density  gradient  of  its  atmosphere  might  be  such  that 
one's  horizon  on  it  would  include  the  entire  surface — that  he 
could  look  all  the  way  round  and,  as  some  one  has  said,  see 
his  own  back. 

The  distance  to  the  horizon,  corresponding  to  a  given  altitude, 
obviously  depends  upon  the  rate  of  vertical  density  decrease  in 
such  manner  that  when  the  latter  is  known  the  approximate  value 
of  the  former  can  easily  be  computed.  Thus,  let  the  density 
decrease  be  such  that  the  radius  of  curvature  of  a  ray  tangent  to 
the  surface  shall  be  5.7  R,  i?  =  6366  kilometres,  being  the  radius 
of  the  earth;  let  oc  be  the  angle  betwen  the  radii  from  the  centre 
of  the  earth  to  the  observer  and  a  point  on  his  unobstructed  hori- 
zon respectively ;  let  Ji  be  the  observer's  height  in  metres  above  the 
level  of  his  horizon;  and  let  r  be  the  distance,  in  kilometres, 
measured  over  the  surface  from  the  horizon  to  a  point  on 
the  same  level  below  the  obser^^er;  then,  by  trigonometry,  to 
a  close  approximation ; 


and 


h   =  6366000  (secoc    —   i)  —  36286200  (sec  —   —  i)  secoc 


r   =  63660c  ,   oc  in  radians 


A  few  values  of  the  distance  to  the  horizon  from  different 
elevations,  computed  by  the  above  formula,  are  given  in  the 
following  table : 

Distance  to  Horizon. 


Distance  in  Kilometres . 

I 

2 

s 

10 

20 

so 

100 

Elevation  in  metres . 

.061 

.263 

1.613 

6.856 

25.901 

161. 918 

647.604 

Looming. — Since  the  extension  of  the  actual  beyond  the 
geometrical  horizon  depends,  as  just  explained,  upon  the  density 
decrease  of  the  atmosphere  with  increase  of  elevation,  it  follows 
that  any  change  in  the  latter  must  produce  a  corresponding  varia- 
tion of  the  former.  An  increase,  for  instance,  in  the  normal  rate 
of  decrease,  such  as  often  happens  over  water  in  middle  to  high 
latitudes,  produces  the  phenomenon  of  looming,  or  the  coming 
into  sight  of  objects  normally  below  the  horizon,  a  classical  in- 
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stance  of  which  was  described  by  Latham. ^^'''  Similar  changes  in 
the  rate  of  density  decrease  with  increase  of  elevation  also  are 
common  in  valleys,  but  here  looming,  in  the  above  sense,  is  ren- 
dered impossible  by  the  surrounding  hills  or  mountains. 

Tozvering. — The  condition  of  the  atmosphere  that  produces 
looming,  in  the  sense  here  used,  or  would  produce  it  if  the  region 
were  level,  often  gives  rise  to  two  other  phenomena,  namely, 
unwonted  towering,  also  usually  called  looming,  and  the  conse- 
quent apparent  approach  of  surrounding  objects. 

The  more  rapid  the  downward  curvature  of  the  ray  paths  at 
the  observer  the  more  elevated,  clearly,  will  objects  appear  to 
be,  and  such  curvature  may,  indeed,  be  very  considerable.  Thus, 
a  temperature  inversion  near  the  surface  of  the  earth  of  i°  C.  per 
metre  change  of  elevation  bends  down  a  ray  along  an  arc  whose 
radius  is  about  0.16  that  of  the  earth,  while  an  inversion  of  10°  C. 
per  metre — a  possible  condition  through  a  shallow  stratum — 
gives  a  radius  of  only  about  0.016  that  of  the  earth,  or,  say,  100 
kilometres.  If  now,  as  occasionally  happens,  the  inversion  layer  is 
so  located  that  rays  to  the  observer  from  the  top  of  an  object 
are  more  curved  than  those  from  the  bottom,  it  will  appear  not 
only  elevated  but  also  vertically  magnified — it  will  tawer  and 
seem  to  draw  nearer. 

Sinking. — Instead  of  increasing  the  curvature  of  rays  the 
temperature  distribution  may  be  such  as,  on  the  contrary,  to  de- 
crease it  and  thereby  cause  objects  normally  on  the  horizon  to 
sink  quite  beyond  it.  Such  phenomena,  exactly  the  reverse  of 
looming,  are  also  most  frequently  observed  at  sea. 

Stooping. — Occasionally  rays  from  the  base  of  an  object  may 
be  curved  down  much  more  rapidly  than  those  from  the  top,  with 
the  obvious  result  of  apparent  vertical  contraction,  and  the  pro- 
duction of  effects  quite  as  odd  and  grotesque  as  those  due  to 
towering.  Indeed,  since  the  refraction  of  the  atmosphere  in- 
creases, in  general,  with  the  zenith  distance,  it  is  obvious  that  the 
bases  of  objects  nearly  always  apparently  are  elevated  more  than 
their  tops,  and  themselves,  therefore  vertically  shortened.  The 
normal  efTect,  however,  is  small  and  seldom  noticed  except,  per- 
haps, in  connection  with  the  slightly  flattened  shape  of  the  sun 
and  moon  when  on  the  horizon. 

^"Phil.  Trans.,  v.  88,  1798;  abridged,  v.  18,  p.  337.  See  also  Everett, 
"Nature,"  v.  11,  p.  49,  1874. 
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Superior  Mirage. — It  occasionally  happens  that  one  or  more 
images  of  a  distant  object,  a  ship  for  instance,  are  seen  directly 

Fig.  130. 


Examples  of  superior  mirage  (Vince). 

above  it,  as  shown  in  Fig.  130,  copied  from  Vince's  ^'^  well-known 
description  of  exceptionally  fine  displays  of  this  phenomenon. 

""Phil.  Trans..  89  (8,  abridged,  p.  436),  1799- 
Vol.  188,  Xo.  1126 — 34 
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The  mirage  nearest  the  object  always  is  inverted  and  there- 
fore appears  as  though  reflected  from  an  overhead  plane  mirror — 
hence  the  name  "  superior  mirage  " — and,  indeed,  many  seem 
to  assume  that  this  image  really  is  due  to  a  certain  kind  of  re- 
flection, that  is,  total  reflection,  such  as  occurs  at  the  undersur- 
face  of  water.  It  is  obvious,  however,  that  this  assumption  is 
entirely  erroneous,  since  the  atmosphere  can  never  be  sufficiently 
stratified  in  nature  to  produce  the  discontinuity  in  density  (adja- 
cent layers  are  always  interdiffusible)  this  explanation  of  the 
origin  of  the  proximate  inverted  image  presupposes.  Another 
apparently  simple  explanation  of  mirage  phenomena  is  furnished 
by  drawing  imaginary  rays  from  the  object  along  arbitrary  paths 
to  the  observer.  But,  in  reality,  this  is  no  explanation  at  all,  unless 
it  is  first  demonstrated  that  the  rays  must  follow  the  paths  as- 
sumed. It  is  allowable,  of  course,  to  assume  any  possible  distri- 
bution of  atmospheric  density  and  to  trace  the  rays  from  an  ob- 
ject accordingly.  If  the  assumed  distribution  follows  a  simple 
law,  the  rays  may  be  traced  mathematically,  as  by  Mascart,^^^ 
though  such  discussions,  when  at  all  thorough,  necessarily 
are  long. 

A  simple  explanation  of  mirage  that  admirably  accounts  for 
the  phenomena  observed  has  been  given  by  Hastings,^''^  in  sub- 
stance as  follows : 

Let  the  air  be  calm  and  let  there  be  a  strong  temperature  in- 
version some  distance,  lo  metres,  say,  above  the  surface — condi- 
tions that  occasionally  obtain,  especially  over  quiet  water.  Ob- 
viously the  ratio  of  decrease  of  density  to  increase  of  elevation 
is  irregular  in  such  an  atmosphere,  and  therefore  the  velocity 
of  light  travelling  horizontally  through  it  must  increase  also  ir- 
regularly with  increase  of  elevation.  Thus,  beginning  with  the 
undersurface  of  the  inversion  layer,  the  rate  of  velocity  increase 
with  elevation  must  first  grow  to  a  maximum  and  then  diminish 
to  something  like  its  normal  small  value  at  and  beyond  the  upper 
surface  of  this  layer.  Hence,  that  portion  of  an  originally  ver- 
tical, or  approximately  vertical,  wave  front  that  lies  within  the 
inversion  layer  must  soon  become  doubly  deflected,  substantially 
as  indicated  in  Fig.  131. 

"'  "  Traite  d'Optique,"  v.  3,  pp.  305-308. 

"' "  Light,"  Chapter  7,  New  York,  Chas.  Scribner's  Sons,  1902. 


Oct.,  1919.] 


Optics  of  the  Air. 


459 


Let  AB  (Fig.  131 )  be  the  surface  of  water,  say,  CD  the  under 
and  EF  the  upper  surface  of  a  strong  inversion  layer,  and  let 
GHIKL  be  the  distorted  wave  front  of  light,  travelling  in  the 
direction  indicated,  from  a  distant  source.  The  future  approxi- 
mate positions  of  the  wave  front,  of  which  G'HTK'L'  is 
one.  are  readily  located  from  the  fact  that  its  progress  is  always 
normal  to  itself,  and  the  appearance  of  the  distant  object  from 
which  these  wave  fronts  are  proceeding  easily  determined.  At  i, 
for  instance,  the  object  seems  upright  and  at  its  proper  level,  no 
images  are  seen  and  the  whole  appearance  is  normal ;  at  2  confused 
elevated  images  appear,  in  addition  to  the  object  itself;  at  3  the 

Fig.  131. 
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Wave  fronts  giving  a  superior  mirage  (Hastings). 

object  and  2  distinct  images  are  seen,  the  lower  produced  by  the 
segment  HI  of  the  wave  front  inverted,  the  other  erect;  at  4,  the 
under  surface  of  the  inversion  layer,  the  inverted  image  blends 
with  the  object  and  disappears;  at  5  only  the  erect  image  can  be 
seen,  and,  indeed,  may  be  seen  even  when  the  object  itself  nor- 
mally would  be  below  the  horizon;  at  6,  the  upper  surface  of  the 
inversion  layer,  the  vertical  image  merges  with  the  object  and 
disappears;  while  everywhere  beyond  the  upper  surface  only  the 
object  itself  is  visible,  as  at  i,  with  no  evidence  whatever  of 
abnormal  refraction  and  mirage. 

An  additional  inversion  layer  obviously  might  produce  other 
images,  while  more  or  less  confused  layers  might  produce  multiple 
and  distorted  images,  such  as  shown  in  Fig.   132,  copied  from 
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Scoresby's  account  ^"^  of  a  certain  telescopic  view  of  the  east 
coast  of  Greenland. 

Inferior  Mirage. — It  is  a  very  common  thing  in  fiat  desert 
regions,  especially  during  the  warmer  hours  of  the  day,  to  see 
below  distant  objects  and  somewhat  separated  from  them  their 
apparently  mirrored  images — the  inferior  image.  The  phenom- 
enon closely  simulates,  even  to  the  quivering  of  the  images,  the 
reflection  by  a  quiet  body  of  water  of  objects  on  the  distant  shore, 
the  "  water  "  being  the  image  of  the  distant  low  sky,  and  there- 
fore frequently  leads  to  the  false  assumption  that  a  lake  or  bay 

Fig.  132. 


Telescopic  appearance  of  the  coast  of   Greenland,  at  the  distance  of  35  miles,  when  urder  the 
influence  of  an  extraordinary  refraction.    July  18,  1820.     Lat.  71°  20',  Long.  17°  30'  W. 

is  close  by.  This  type  of  mirage  is  very  common  on  the  west  coast 
of  Great  Salt  Lake.  Indeed,  on  approaching  this  lake  from  the 
west  one  can  often  see  the  railway  over  which  he  has  just  passed 
ai)parently  disappearing  beneath  a  shimmering  surface.  It  is 
also  common  over  smooth-paved  streets  provided  one's  eyes  are 
just  above  the  street  level.  An  under-grade  crossing  in  a  level 
town,  for  instance,  ofifers  an  excellent  opportunity  almost  any 
warm  day  of  seeing  well-defined  small  images  that  are  apt  to 
arouse  one's  surprise  at  the  careless  way  his  fellow-citizens  wade 
through  pools  of  water! 

"•  Trans.  Roy.  Soc.  Edinburgh,  v.  9,  p.  299,  1823. 
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Since  the  interior  mirage  occurs  only  over  approximately 
level  places  and  there  only  when  they  are  so  strongly  heated  that 
for  a  short  distance  the  density  of  the  atmosphere  increases  with 
elevation  it  follows  that  its  explanation  is  essentially  the  same  as 
that  of  the  superior  mirage.  Of  course,  the  surface  air  is  in 
unstable  equilibrium  and  rising  in  innumerable  filaments,  but  its 
rarefied  state  is  maintained  so  long  as  there  is  an  abundant  sup- 
ply of  insolation.  A  wave  front,  therefore,  from  an  object  slightly 
above  the  general  level  soon  becomes  distorted  through  the  greater 
speed  of  its  lower  portion,  as  schematically  indicated  in  Fig.  13^. 

Let  AB  of  this  figure  be  the  surface  of  the  earth  and  CD  the 
upper  level  of  the  superheated  stratum.  Let  EFG  be  the  posi- 
tion of  a  wave  front  travelling  as  indicated,  the  lower  portion 
curved  forward  as  a  result  of  its  greater  speed  in  the  rarefied 

Fig.  133. 
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Wave  fronts  giving  an  inferior  mirage  (Hastings). 

layer.  One  of  the  consequent  later  positions  of  the  wave  front  is 
shown  at  E'F'G' ,  from  which  it  follows  that  at  i  neither  the 
object  in  question  nor  any  image  of  it  can  be  seen;  at  2  the  object 
and  its  inverted  image  are  glimpsed,  superimposed ;  at  3  both  the 
object  and  its  inverted  image,  well  below  it,  are  plainly  visible ; 
at  4  the  image  is  just  disappearing;  while  at  5  there  is  no 
evidence  of  a  mirage,  unless  of  objects  more  distant  than  the 
one  under  consideration. 

Great  uncertainty  may  exist,  therefore,  in  regard  to  the  exact 
positions  of  objects  seen  in  (or  perhaps  hidden  by)  a  mirage. 
Thus,  in  his  official  report  of  the  battle  of  April  11,  1917,  between 
the  English  and  the  Turks  in  Mesopotamia,  General  Maude,  the 
British  commander,  says :  "  The  fighting  had  to  be  temporarily 
suspended  owing  to  a  mirage." 

Lateral  Mirage. — \^ertical  sheets  of  abnormally  dense  or  ab- 
normally rare  atmosphere  obviously  would  produce  lateral 
mirages  in  every  way  like  those  due  to  similar  horizontal  layers, 
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and  indeed  such  mirages  are  occasionally  seen  along  walls  and 
cliffs  whose  temperatures  differ  widely  from  that  of  the  air  a 
few  metres  from  them. 

Fata  Morgana. — Morgana  ( Breton  equivalent  of  sea  woman) , 
according  to  Celtic  legend  and  Arthurian  romance,  was  a  fairy, 
half-sister  of  King  Arthur,  who  exhibited  her  powers  by  the 
mirage.  Italian  poets  represent  her  as  dwelling  in  a  crystal  palace 
beneath  the  waves.  Hence,  presumably,  the  name  Fata  Morgana 
(Italian  for  Morgan  le  Fay,  or  Morgan  the  fairy)  was  given, 
centuries  ago,  to  those  complicated  mirages  that  occasionally 
appear  over  the  strait  of  IMessina  moulding  the  bluffs  and  houses 
of  the  opposite  shore  into  wondrous  castles  that  alike  tower  into 
the  sky  and  sink  beneath  the  surface;  nor  is  it  strange  that  this 
poetical  name  should  have  become  generic,  as  it  has,  for  all  such 
multiple  mirages  wherever  they  occur. 

According  to  Forel,^""*  this  phenomenon,  to  which  he  has 
given  much  attention,  results  from  the  coexistence  of  the  tem- 
perature disturbances  peculiar  to  both  the  inferior  and  superior 
mirages,  such  as  might  be  produced  by  a  strong  inversion  over  a 
relatively  warm  sea.  This,  of  course,  implies  a  marked  increase 
of  density  with  elevation  to  a  maximum  a  short  distance  above 
the  surface,  followed  by  a  rapid  density  decrease — an  unstable 
condition  and  therefore  liable  to  quick  and  multiform  changes. 
Obviously,  too,  such  a  cold  intermediate  layer  in  addition  to  pro- 
ducing a  double  mirage  acts  also  as  a  sort  of  cylindrical  lens  that 
vertically  magnifies  distant  objects  seen  through  it. 

No  wonder,  then,  that  under  such  circumstances  the  most  com- 
monplace cliffs  and  cottages  are  converted,  through  their  multiple, 
distorted,  and  magnified  images,  into  magic  castles,  or  the  mar- 
vellous crystal  palaces  of  Morgan  le  Fay! 

Ch.apter  til 
refr.xction  phenomen.\:  refraction  by  water  drops 

RAINBOW. 

Principal  Bo7vs. — It  may  seem  entirely  superfluous  to  describe 
so  common  a  phenomenon  as  the  rainbow,  or  to  offer  more  than 
the  simple  explanation  of  it  that  may  be  found  in  innumerable 
text-books.     Rut  rainbows  differ  among  themselves  as  one  tree 

"*  Archives  dcs  Sciences  Pliys.  et  Nat.,  v.  32,  p.  471,  igii: 
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from  another,  and  besides  some  of  their  most  interesting  fea- 
tures usually  are  not  even  mentioned — and  naturally  so,  for  the 
*'  explanations  "  generally  given  of  the  rainbow  may  well  be  said 
to  explain  beautifully  that  which  does  not  occur  and  to  leave 
unexplained  that  which  does. 

The  ordinary-  rainbow,  seen  on  a  sheet  of  water  drops — rain 
or  spray — is  a  group  of  circular  or  nearly  circular  arcs  of  colors 
whose  common  centre  is  on  the  line  connecting  the  observer's  eye 
with  the  exciting  light  (sun.  moon,  electric  arc,  etc.)  or  rather, 
except  rarely,  on  that  line  extended  in  the  direction  of  the  ob- 
server's shadow.  A  very  great  number  of  rainbows  are  theoreti- 
cally possible,  as  will  be  explained  later,  and  doubtless  all  that 
are  possible  actually  occur,  though  only  three  (not  counting  super- 
numeraries) certainly  have  been  seen  on  sheets  of  rain.  The 
most  brilliant  bow,  known  as  the  primary,  with  red  outer  border 
of  about  42^  radius  and  blue  to  violet  inner  border,  appears  oppo- 
site the  sun  (or  other  adequate  light)  ;  the  next  brightest,  or  the 
secondary  bow,  is  on  the  same  side  of  the  observer,  but  the  order 
of  its  colors  is  reversed  and  its  radius,  about  50°  to  the  red,  is 
larger ;  the  third  or  tertiary  bow,  having  about  the  same  radius  as 
that  of  the  primary  and  colors  in  the  same  order,  lies  between  the 
observer  and  the  sun,  but  is  so  faint  that  it  is  rarely  seen  in 
nature.  Obviously  the  common  centre  of  the  primary  and  sec- 
ondarv'  bows  is  angularly  as  far  below  the  observer  as  the  source 
(sun  generally)  is  above,  so  that  usually  less  than  a  semicircle 
of  these  spectral  arcs  is  visible,  and  never  more,  except 
from  an  eminence. 

The  records  of  close  observations  of  rainbows  soon  show  that 
not  even  the  colors  are  always  the  same;  neither  is  the  band  of 
any  color  of  constant  angular  width ;  nor  the  total  breadth  of  the 
several  colors  at  all  uniform;  similarly  the  purity  and  brightness 
of  the  different  colors  are  subject  to  large  variations.  The  great- 
est contrast,  perhaps,  is  between  the  sharply-defined  brilliant 
rainbow  of  the  retreating  thunderstorm  and  that  illy-defined 
faintly  tinged  bow  that  sometimes  appears  in  a  mist — the  "  white 
bow  "or  "fog  bow." 

All  these  diflferences  depend,  as  will  be  explained  later,  essen- 
tially upon  the  size  of  the  drops,  and  therefore  inequalities  often 
exist  between  even  the  several  portions,  especially  top  and  bot- 
toms, of  the  same  bow,  or  develop  as  the  rain  progresses.     Ad- 
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ditional  complications  occasionally  result  from  the  reflection  of 
bows  and  from  bows  produced  by  reflected  images  of  the  sun, 
but  though  unusual  and  thus  likely  to  excite  wonder  and  com- 
ment such  phenomena  are  easily  explained. 

Supernumerary  Bows. — Rather  narrow  bands  of  color,  essen- 
tially red,  or  red  and  green,  often  appear  parallel  to  both  the 
primary  and  the  secondary  bows,  along  the  inner  side  of  the  first 
and  outer  of  the  second.  These  also  dififer  greatly  in  purity  and 
color,  number  visible,  width,  etc.,  not  only  between  individual 
bows  but  also  between  the  several  parts  of  the  same  bow.  No 
such  colored  arcs,  however,  occur  between  the  principal  bows; 
indeed,  on  the  contrary,  the  general  illumination  here  is  per- 
ceptibly at  a  minimum. 

Fig.  134. 


Change  in  light  direction  by  raindrop. 


Deviation  m  Direction  of  Emerging  from  Entering  Ray. — 
Since  a  raindrop  is  spherical,  its  action  on  an  enveloping  wave 
front  may  be  obtained  by  determining  first  the  effects  in  the  plane 
of  a  great  circle  containing  an  entering  ray,  and  then  revolving 
this  plane  about  that  line  in  it  that  bisects  the  angle  between  the 
incident  and  emerged  paths  of  any  given  ray  in  the  same  plane. 
Let,  then,  ABC  (Fig.  134)  be  the  plane  of  a  great  circle  of  an 
enlarged  raindrop  and  \et  S  A  B  C  E  he  the  path  of  a  ray  in  this 
plane,  entering  the  drop  at  A  and  emerging  at  C.  The  changes 
in  direction  at  //  and  C  are  each  i  -  r.  in  which  /  is  the  angle  of 
incidence  and  r  the  angle  of  refraction,  and  the  change  at  B,  as 
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also  at  every  other  place  of  an  internal  reflection,  when  there  are 
more  than  one,  is  ir  -  2r.  Hence,  the  total  deviation,  D,  is  given 
by  the  equation, 

D   =  2  {i  -  r  )   -\-  n  {-   -  2r) (i) 

in  which  ;/  is  the  number  of  internal  reflections. 

Minhiium  Deviation. — The  above  general  expression  for  the 
deviation  shows  that  it  varies  with  the  angle  of  incidence.  There 
is  also  a  minimum  deviation,  corresponding  to  a  particular  angle 
of  incidence,  as  may  be  shown  in  the  usual  way.  Thus  by 
equation  (i), 

dD   =  2di  —  2  (n  +  1)  dr 

which,  on  putting  dD  =  0,  the  condition  of  stationary  (maximum 
or  minimum)  deviation,  gives, 

di   =   {n  -^  \)  dr (2) 

But  sin  /  =  fi.  sin  r,  in  which  ju,  is  the  refractive  index  of  water  with 
reference  to  air,  and,  therefore, 

cos  i  di   =  u  cos  r  dr. 

Hence,  by  (2) 

fi  cos  r   =   (n  +  1)  cos  i 

and 


cos  t   = 


=   .//''-! 


V^ 


'^    4-    2W 


This  value  of  the  angle  of  incidence  corresponds,  as  stated,  to 
a  stationary  deviation,  but  whether  of  maximum  or  minimum 
value  may  be  determined  by  noting  the  sign  of  the  second  differ- 
ential, which  gives : 

d-D 
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Hence,  as  /a  is  greater  than  unity,  this  latter  value  is  negative 
and  therefore  the  second  differential  of  D  with  respect  to  i  is  posi- 
tive, and  the  corresponding  value  of  D  is  a  minimum. 
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The  following  table  gives  these  values  for  the  primary,  sec- 
ondary, tertiary,  quaternary,  and  quinary  rain1)o\vs  correspond- 
ing to  1,2,  3,  4,  and  5  internal  reflections,  respectively,  as  shown 
in  Figs.  135,  136,  137,  138,  and  139. 
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Entering  and  Emerging  Rays. — Since  a  raindrop  is  spherical, 
it  is  obvious  that  its  effect  on  incident  radiation  from  the  sun, 
or  other  spherical  or  ])oint  source,  is  symmetrical  about  an  axis 

Fig.  135. 


Change  of  liRht  rlirection  in  primary  rainbow. 


through  the  centre  of  the  drop  and  the  luminous  object.  Hence, 
in  the  study  of  the  rainbow,  it  is  sufficient  to  use  only  a  single 
plane  containing  this  axis,  tracing  the  rays  incident  over  one 
quadrant  of  the  intersection  circle  and  noting  the  resulting  phe- 
nomena.    It  is  also  obvious  that,  neglecting  sky  light,  solar  rays 
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Change  of  light  direction  in  secondary  rainbow. 

Fig.  137. 


Change  of  light  direction  in  tertiary  rainbow. 

are  parallel  to  within  the  angular  diameter  of  the  sun,  0.5°  about, 
and  that  as  a  first  approximation  they  may  be  regarded  as 
strictly  parallel.  Let,  then,  the  plane  of  Fig.  140  pass  through  the 
centres  of  a  raindrop  and  the  sun,  and  let  AB  be  the  wave  front 
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of  parallel  rays  incident,  as  shown,  above  the  normal  or  axial  ray 
(ray  passing  through  centre  of  drop).  An  equal  amount  of  light 
clearly  enters  below  the  normal  ray,  but  for  simplicity  this  is 

Fig.  138. 


Change  of  light  direction  in  quaternary  rainbow. 

Fig.  139. 


Change  of  light  direction  in  Quiniiry  rainbow. 

omitted.  Similarly  that  portion  rctlected  from  the  outer  surface 
is  ignored,  as  is  also  all  that  is  internally  reflected  more  than 
once.  This  reduces  the  problem  of  the  rainbow  to  its  simplest 
terms,  but  loses  none  of  its  generality,  since  additional  internal 
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reriections  merely  change  angular  dimensions  and  brightness. 
The  heavy  line  shows  the  course  of  the  Descartes  ray,  or  ray  of 
minimum  deviation  for  light  of  air-water  refractive  index,  4/3. 
The  courses  of  other  rays  are.  very  approximately,  as  indicated. 
Since  the  deviations  of  the  rays  incident  between  the  axial  and  the 
Descartes  rays  are  greater  than  that  of  the  Descartes,  it  follows 
that  their  exits  are.  as  shown,  between  those  of  the  same  two 

Fir..   140. 
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Course  of  light  through  a  raindrop  and  the  corresponding  wave  fronts. 

rays.  Similarly,  all  rays  that  enter  beyond  the  Descartes  ray  are 
likewise  more  deviated,  and,  therefore,  while  they  leave  the  drop 
beyond  this  ray,  they  do  so  in  such  direction  as  sooner  or  later  also 
to  come  between  it  and  the  axial  ray,  substantially  as  shown. 
Clearly,  then,  the  once  reflected  light  is  diffuse  and  feeble  except 
near  the  path  of  minimum  deviation,  and  confined,  as  indicated, 
to  the  region  between  this  path  and  the  axial  ray. 

Formation  of  the  Bozv. — From  the  course,  just  given,  of  light 
through  raindrops,  it  is  clear  that  maximum  brightness  will  hi 
produced  by  all  illuminated  drops  along  the  elements  of  a  right 
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circular  cone  whose  vertex  is  at  the  eye,  whose  axis  passes 
through  the  sun,  and  whose  angular  opening,  corresponding  to 
a  given  number  of  internal  reflections,  is  determined  by  the  wave- 
length. Hence,  the  rainbow  exhibits  a  number  of  concentric 
circular  arcs  of  different  colors  whose  centres  are  angularly  as 
far  below  the  observer  as  the  sun  is  above  him. 

Minimum  Brightness  Between  Primary  and  Secondary  Bozvs. 
— Careful  observers  often  note  the  fact  that  the  region  between 
the  primary  and  secondary  bows  is  slightly  darker  than  any  other 
in  the  same  general  direction.  The  explanation  of  this  phenom- 
enon is  very  simple.    As  the  deviation  of  no  ray  can  be  less  than 

Fig.  141. 


Minimum  li;ht  belvvc-L-u  primary  and  secondary  rainbows. 

that  of  the  Descartes,  it  is  clear  that  all  light  pertaining  to  any 
given  number  of  internal  reflections  must  leave  a  drop  within  a 
cone  formed  by  the  rotation  of  a  corresponding  Descartes  ray 
about  the  axial  ray,  keeping  the  angle  l)etween  them  constant  as 
shown  in  Fig.  141  for  light  of  i,  and  2  internal  reflections,  re- 
spectively. Hence,  once  reflected  light  reaches  an  observer  from 
drops  along  and  within  his  primary  bow,  but  none  from  those 
without,  while  twice  reflected  light  reaches  him  from  along  and 
without  th'e  secondary  bow,  but  none  from  within  it.  The  region 
between  the  two  bows,  therefore,  and  it  alone,  is  devoid  of  both 
the  once  and  the  twice  reflected  rays  and  in  consequence  is  com- 
paratively dark. 

Origin   of  Supcrnuuierary    Bows. — Since   wave    fronts   are 
normal  to  the  corres|)()nding  rays,  it   is  clear  that  the  incident 
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front,  AB  (Fig.  140),  will,  at  the  moment  of  complete  emergence, 
appear  as  ACB" — exactly  as  though  it  had  come  from  the  virtual 
front,  A'B\  the  locus  of  the  terminus  of  a  line  of  constant  length, 
AA',  as  it  travels  normally  over  the  emerging  wave  front,  ACB". 
Further,  since  the  rays  here  lie  on  both  sides  of  the  one  of  mini- 
mum deviation,  it  is  obvious  that  this  ray  divides  A'B'  into  two 
portions  curved  in  opposite  directions.  That  portion  of  the  front 
that  is  convex  forward  will,  of  course,  remain  convex,  but  with 
increasing  radii  of  curvature,  while  the  part  that  is  concave  for- 
ward will  later  become  convex,  and  although  neither  portion  is 

Fig.  142. 
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Interference  giving  supernumerary  rainbows. 

Strictly  the  arc  of  a  circle,  the  results  they  produce  at  a  consid- 
erable distance,  at  the  position  of  the  observer,  for  instance,  are 
qualitatively  as  though  they  were. 

Let  AIB,  then  (Fig.  142),  be  such  a  wave  front,  /  being  the 
point  of  inflection  where  the  front  is  normal  to  the  ray  of  mini- 
mum deviation.  Let  the  full  and  dotted  curves  be  opposite  phase 
positions  of  the  resulting  cusped  wave  front.  By  inspection,  it 
is  obvious  that  soon  after  leaving  the  drop  all  the  light  must  lie 
on  one  side  of  the  ray  of  minimum  deviation,  thus  making  the 
observed  angular  radius  of  an  arc  of  any  given  color  slightly  less 
than  that  of  the  Descartes  ray.  It  is  also  obvious  that  with  in- 
creasing angular  distance  from  the  Descartes  ray  the  two 
branches  of  the  cusped  front  are  alternately,  and  with  increasing 
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frequency,  in  opposite  and  like  phases,  thus  producing  alternate 
arcs  of  minimum  and  maximum  brightness,  all  of  smaller  angular 
radius  than  that  of  the  first  maximum,  the  chief  bow,  and  pro- 
gressively lying  closer  and  closer  together  as  the  radius  dimin- 
ishes, or  increases,  in  the  case,  respectively,  of  the  primary  and 
the  secondary  bow. 

Fig.  143. 


Eflect  of  raindrop  on  shape  of  wave  front. 

These  additional  maxima,  of  which  several  frequently  are 
visible,  constitute  the  familiar  supernumerary  bows. 

Equation  of  Portion  of  Outgoing  Wave  Front  Near  Ray  of 
Minimum  Deviation. — In  deriving  this  equation,  originally  due 
to  Airy,'^'''  the  more  direct  and  elementary  method  of  Wirt- 

"*  Cambridfic  I'hil.  Trans.,  vi,  380. 


Oct.,  1919-1  Optics  OF  THE  Air.  473 

ingfer  ^'"^  will  lie  tollowecl  with  (Mily  such  modifications  as  appear 
to  make  tor  clearness. 

Let  AB  (Fig.  143)  be  an  incident  wave  front  tant^ent  to  a 
raindrop  of  radius  <j;  let  ti'  he  a  small  section  of  the  emitted  front 
near  the  minimum  deviatiiMi  ray — more  distant  portions  of  the 
front  need  not  be  considered  as  they  are  formed  by  rays  too 
divergent  to  produce  anything  more  than  a  slight  general  illum- 
ination;  let  f,  l)e  the  velocity  in  air  of  the  light  under  exam- 
ination and  ■z'jfi  its  velocity  in  water.  Clearly,  then,  from  the 
constancy  of  the  time  interval  between  corresponding  points  on 
the  wave  fronts. 

a  (I    —  cos  t)    ,    4/'  a  CCS  r         s 

— ^ 4- +  —   =   T,  a  constant. 

in  which  s  is  the  distance  between  the  drop  and  the  corresponding 
point  on  tc;  /.  and  r.  the  angles  of  incidence  and  refraction, 
respectively. 

Let  the  completely  emitted  front  l)e  also  tangent  to  the  drop, 
as  shown  in  Fig.  140.    Then 

T   =    ^— ^' 

and 

5    =  a  -;  4"  ( I    —  cos  r)    —    (i    —  cos  /)  [ 

Let  the  centre  of  the  drop  be  the  intersection  of  coordinates 
as  indicated.  Then,  if  D  is  the  ang'e  of  deflection,  a  point  on 
Ti"  is  given  by  the  values, 

X   =  a  cos  (D   —  i)   4-  s  cos  D, 

and 

y    =    —  a  sin   {D    —   i)  —   s  sin  D. 

By  turning  the  coordinates  clockwise  through  the  angle 
D,  -7!-/2,  in  which  /),  is  the  change  in  direction  of  the  ray  of 
minimum  deviation,  the  projection  angles  are  correspondingly 
reduced  and  the  new  y  axis  brought  parallel  to  the  emerged 
Descartes  ray.     Hence,  in  terms  of  the  new  coordinates,  writing 

_x'    =    —a  sin   id   —  i)    —   s  sin  d 
—  y'    =   a  cos  (d   —   i)   +  5  cos  d. 

"'  Berichte  des  naturw.  medicin.  Vereines  an  der  Universitat  Innsbruck. 
xxi  Jahrg..  1896-97.     See  also  Pernter-Exner,  Meteorologische  Optik. 
Vol.  188,  Xo.  1126 — 35 


474  ^^-  ]■  Humphreys.  [J-F-I- 

But  as  only  rays  very  near  that  of  minimum  deviation  need 

be  considered,  </  is  so  small  that  to  a  sufficiently  close 
approximation, 

cos  d    =    1,  and  sin  d  =  d. 

Hence, 

X'    =    —  ad  cos  i  -\-  a  sin  /   —  sd, 

and 

—  y'    =   a  cos  i   +  o  ^  sin  i   +  ^. 

From  Fig.  140  it  is  obvious  that  the  small  section,  w  (Fig. 
143),  of  the  emerged  wave  front  is  very  nearly  parallel  to  the  x' 
axis,  and  that  the  x'  coordinate,  therefore,  is  extremely  sensitive 
to  changes  in  y',  while  the  y'  coordinate  is  relatively  but  little 
affected  by  the  changes  in  x'.  Hence,  as  d  is  very  small,  points  on 
w  are  sufficiently  closely  given  l)y  the  expressions, 

.V    =   a  sin  i 

and 

— _v'    =   a  cos  i  +  ad  sin  i  -{-  a  i^/i  {i    —  cos  r)    —    (i    —   cos  t)>. 

Let  /  and  R  be  the  angles  of  incidence  and  refraction,  re- 
spectively, corresponding  to  the  minimum  deviation.  Dj,  and  let 

i    =    /   +   oc,  and  r    =   R   +   3 

in  which  and  ^  are  quite  small,  since  only  rays  near  that  of  mini- 
mum deviation  are  considered.  Further,  to  make  the  problem 
entirely  general,  let  n  be  tlie  number  of  internal  reflections.  Then, 

X'    =   a  sin   (/   +   x  )    =    a  sin  /   +  azr.    cos  / 

—  y    =  a  cos  i  +  nl  sin  i  +  a  }2  /i  (n   +   i)   (i    —  cos  r)  —    (i    —  cos  /)  [ 

=   2  a  ^cos  I   -\ — ■  sin  i   —  /i  {n   +  i)  cos  r  +  /'  (k  +  i  )  —  Hf- 

Treating  d  and  /S  as  functions  of  a  and  developing  we  get, 
neglecting  powers  of  a  higher  than  the  third, 

cos  i    =  cos  {I  +  ac)   =  cos  /  —  a  sin  I  —  ^  cos  I  +   —-  sin  I  + 

i   =  mp  -  D,)  =  (I  +  CA)  -  (R+  ,i)   -hJJT-2(/?  +  /?)|--j/-/? 

+  li.-2R>\ 
=    ,.     _    („   +   0  /^    =    -    -    («    +   I)(;g)«     -    in    +    I)    (g^,)..   ?-^   -    (« 
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Since 

i    =   ^-,„+  1)3.  4    =  Jx    -   (»   +   I)  d3,  and    (g)^   =  ^  , 

and.  since 

I    =   /  +  ^  ,  or  sin  i   =   sin  /  +  oc    cos  /, 

therefore. 


-    an  I    =    -   («  +   I) 


Mo  T  -"  ^  -   ("  +  ^)    (d^jo  T  ^-  ^  -  ^"  + 

1)    {- 1)     COS    / 

Finally. 

2  c/qC 


<„,.,,)  _    ,  (f  COS  r  a  -  <i^  COS  r  Of  ' 

cos  r   =  cos   -^  i<  +  /  (at  )  >■  =  cos  /?  +   or     — j-  —    —z — v"  +  "Z" 

I  )  dix  -^       J —  A 

<P  cos  r 


But 

d  cos  r  .         dS  sin  i   rf/? 

— 1 =    —   sin  r  - —   = J — , 

da.  dx  /i      doc 

d*  cos  r   _        cos  i   d(i         sin  i  d-  /3 
dx"  II      dx  /"     dx'^ 

d^  cos  r   _  sin  i  d3         cos  i  d^'3         cos  z  J-  /^        sin  i  d^  ft 
dx^  II      dx.  /^      dx^  fi      dx-  //      dx^ 

At  the  limits 

(^)o'  (Ir^)o'  (^3)0'  "^^'"'^'  =  ^' 

—  ;/  (n   +  l)  cos  r   =    —  |/  (n  +   i)  cos  R  —  {n  +   i)     1-: — )        —   x  sin  I 
_  _  COS  /  +  -  Sin  /J  -  l«  +  I)  (^^— j^  |^_   _  sm  /  -  -  cos  /J 

Hence,  by  addition  of  the  above  terms,  remembering  that, 

/i  cos  R   =    (n  +   I)  cos  / 

and  that 

\dx.  /^         n  +   I 
->-'=2aji—   rn  +  i)4cos  I  -  a  (n  +  i)    i-r—J    —  cos  /  +  a]  2// 

(n  +   I)   -   ij 
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Since 


sin  t    =  ,"  sm  r 

cos  t    =  u  COS  r  T^ — 
aoc 


and 

-   sm,    =    -//smr  ^—  j    +  u  cos   r  (— J 


or 


-   sin  /   =    -  /.  sin  R    (^V  +  u  cos  R  (^) 


,"  sin  /? 


^  +  ^cos/?(|^.)^ 


n^  +  2n 


(n  +  D- 

But 

//  sin  i?   =  sin  /,  and  u  cos  R   =   (n   +   i)  cos  /. 

Therefore, 

(d^\     _    _  sin   I    n-   +   2n 
\da:^)o   ~    ~  COS  I    (n  +   i)^ 

and 

-  y'    =   2a   \  -    (n^  +  2w)  cos  /  +  /'   (H   +   I )    -   H      +  «  =<     3   /^     ,     j)2 
sin  /,     x'   =     a  sin  /       +  a  oc    cos  /. 

The  first  terms  in  the  equations  for  .r'  and  3''  are  the  coordi- 
nates of  the  point  of  inflection  on  the  curve  iv.  Taking  this  point 
as  the  origin  and  calHng  the  coordinates  .r^  and  Vi  we  have  for 
points  on  iv, 

Xi    =  aoc    cos  / 


But 

hence. 


n^  +  2n       . 
yi    =  a  QC  ^  — ; .,  sin  I. 


x,» 


a'  cos-'  / 


I  n^  +  2n  •)    •      r 

Ji    =    — :,  ; 1 Z7, r~T  ■^■'    s:n  /. 

■'  3a^  (n   +   iH  cos'^  / 


As  previously  shown, 


1'''  -  ' 
hence. 


^   _i_  («'  +  2ny' /(«   +   l)^   -  fi''       , 


Oct..  1919- 1 


Orxics  OF  TH1-:  Air. 


477 


Puttinjr 


(««    +    2«)* 


(n  +  i)*  (,"-  —   I)   \        ft-  —   1 


(n  +   I)-   -  t'-  ^   ;,^ 


This  equation,  then,  represents  a  curve  very  nearly  coincident 
with  that  portion  of  the  wave  front  to  which  the  rainbow  phe- 
nomena are  due.  and  since  the  effects  computed  from  it  substan- 
tially ag^ree  with  those  observed,  as  will  be  seen  presently,  it  is 
clear  that  the  approximation  thus  obtained  is  sufficient  for  most, 
if  not  all,  practical  uses;  indeed,  the  assumption  that  raindrops  are 
perfectly  spherical  involves,  perhaps,  a  greater  error. 


Variation  of  intensity  with  angular  distance  from  ray  of  minimum  deviation. 

Intensity  and  Its  I'ariation  ivith  Angular  Distance  from  the 
Ray  of  Minimum  Deviation. — This,  too,  was  first  determined 
by  Airy.'"'  The  following  discussion,  however,  is  essentially 
that  of  Mascart*^*  and  Pernter-Exner.^'* 

•"  /.  c. 

"'  Traite  d'Optique,  i. 
"•  Mcteorologische  Optik. 
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Let  0  (Fig.  144)  be  the  point  of  intiection  of  an  emitted 
wave  front  near  a  drop ;  let  F  be  a  distant  point  in  the  direction  6 
from  the  ray  of  minimum  deviation.  Then  the  difference  in 
phase,  AF,  between  the  light  vibrations  at  P,  due  respectively  to 
an  element,  ds,  of  the  front  at  O  and  an  equal  element  at  M  is 
given  by  the  equation, 

OR  -   MT                X  sine  -  y  cos(9 
AF   =   2-  -. =  2  -  T-"^ 


hx' 


in  which  A  is  the  wave-length. 

Hence,  substituting  for  y  its  value,    —  ,  and  cLv  for  ds,  which 

is  allowable  over  the  effective  portion  of  the  wave   front,  the 
vibration  at  P  is  given  by  the  equation. 


=  -fe  Asin  2.   U    -    /gcosg  -  xsinA 


dx 


in  which  T  is  the  period  and  k  the  amplitude  per  unit  length  of 
front. 

Or,  putting 

-r-  (    — ,  COS  5   —   X  smd    I    =   (' 
'''     \  3a'  / 

V   =  k   /'sin    (  2-  -^   -  '^  \  dx 
—   k  J  LOS  ''  dx  sin  27r  —    —   k    I  sin '*  dx  cos  2t  — . 

Since  cos  ^d.v  and  sin  ^dx  appear  in  this  equation  as  amplitudes 
it  follows,  if 

A    =  k  I   cos  '5  dx  » 

and 


=   ^   /  sin 


<5  dx 


that  the  resultant  amplitude  C --y^A'  +  B\ 

But  to  find  A  and  F  it  is  necessary  to  integrate  the  given  ex- 
pressions over  the  effective  portion  of  the  wave  front,  or  through 
limits  that  produce  essentially  the  same  results.  Such  limits  may 
be  determined  as  follows  : 
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Let  X  and  .\\  be  so  situated  that  the  difference  between  their 
distances  from  /'  is  -  .  and  their  com1)ined  result  at  that  point, 
therefore,  zero.    That  is,  let 

h  ^ 

— i  (.v*i   —  .\-^)  cos6  —   (.Vi   —  .v)  sine   =  — 

or 


2  cos^    h  {xi-  +  X  Xi   +  x')    —   tan( 


Considering  the  primary  bow  in  which  h  has  its  least  value, 
4.89,  nearly,  for  m  =  ~  ;  assuming  the  radius,  a,  of  a  drop  to  be 
I  mm.,  and  writing  Bx  for  x^  -  x,  it  follows,  since  0  is  small,  that 

.v-'lr   =   .0002  mm'',  roughly,  for  yellow  light. 

Hence,  S.v  decreases  rapidly  with  increase  of  ^r  (even  when 
.r  =  .i  mm..  8,r  =  .02  mm.)-,  and  the  successive  portions  of  the 
curve  Ijeyond  a  very  short  distance  from  the  inversion  point,  O 
(Fig.  144),  completely  neutralize  each  other,  and,  therefore,  no 
error  will  be  introduced  by  integrating  between  infinity  limits  in- 
stead of  between  the  unknozvn  limits  of  the  effective  portion  of 
the  wave  front. 


Hence, 


and 


•+C0 

A    =  k     I        COS  (5  dx 


•+CO 

B    =   k      I         sin  '5  dx 


But  as  the  sign  of  B  reverses  with  that  of  x,  while  that  of 
A  remains  unchanged, 

5=0 
and 


2" 
A     =    2k     I     COS 


27r   /  hx3  .         \ 

^-  {    — r,  COS  e   —  AT  sm  9    )  dx. 

t/O 

Putting 


■2h         .  ^  U^ 

T-^  x^  cos^    =     —  , 

3  a2  A  2    ' 


48o 

from  which 

and 
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2x    .  zu 

-:-  sin^    =    — 

/  2 
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A     =    2k 


\^h  cosoj 


cos  -   («•* 

2 


/)  du, 


which  is  Airy's  rainbow  integral,  in  which 


—  (m'   —  zu)  du    =   <\ 


the  difference  in  phase. 
Putting 


cos  -    (u^   —  zu)  du    =  f{z) 


A      =    2k 

and  the  intensity, 


\4h  cos  ej 


f{z)    =   Mfiz),  say, 


.42   =   APf-  (z). 


The  evaluation  of  /(r)  is  not  simple,  but  it  has  been  accom- 
plished through  mechanical  quadrature  by  Airy  ^®^  and  through 
deyelopment  in  series  by  both  Airy  ^**^  and  Stokes. ^*- 


FiG.  145. 


I^ 


Periodic  changes  of  intensity  of  monochromatic  light. 

'J'he  following  table  and  its  graph  (Fig.  145),  both  from  Pern- 
ter-Kxner's  "  Meteorologischc  Oi)tik,"  give  certain  values  of  r  and 
p {:::),  corresponding  to  monochromatic  light  of  a  particular 
wave-length  and  drops  of  a  definite  size. 

'*''  Cambridge  Phil.  Trans.,  vi,  p.  379. 
'"'  Cambridge  Phil.  Trans.,  viii,  p.  595. 
'"'Cambridge  Phil.   I  raii.s-.,  ix,  j)art  i. 
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1 

r-(i\ 

t 

P(t) 

z 

Piz) 

—2.0 

0.006 

3-4 

0.609 

8.8 

0.189 

-1.8 

O.OIl 

3-6 

0.586 

9.0 

0.373 

-1.6 

0.018 

3-8 

0.436 

9.2 

0.320 

-1-4 

0.030 

4.0 

0.225 

9.4 

O.IOO 

-1.2 

0.048 

4.2 

0.051 

9.6 

0.00 1 

-I.O 

0.074 

4.4 

0.003 

9.8 

0.054 

-0.8 

0.II3 

4.6 

0.104 

lO.O 

0.240 

-0.6 

0.168 

4.8 

0.297 

10.2 

0.360 

-0.4 

0.239 

50 

0.465 

10.4 

0.220 

—0.2 

0.331 

5.2 

0.501 

10.6 

0.022 

0.0 

0.443 

5-4 

0.379 

10.8 

0.013 

0.2 

0.571 

5-6 

0.172 

1 1.0 

0.170 

04 

0.706 

5-8 

0.014 

1 1.2 

0.338 

0.6 

0.836 

6.0 

0.022 

II.4 

0.270 

0.8 

0.941 

6.2 

0.174 

II.6 

0.050 

1.0 

1. 001 

6.4 

0.370 

II.8 

0.004 

1.2 

0.996 

6.6 

0.450 

12.0 

0.140 

1.4 

0.914 

6.8 

0353 

12.2 

0.320 

1.6 

0.758 

7.0 

0.141 

12.4 

0.256 

1.8 

0.547 

7-2 

O.OIO 

12.6 

0.045 

2.0 

0.319 

7-4 

0.046 

12.8 

0.006 

2.2 

0.125 

7.6 

0.230 

13.0 

0.136 

2-4 

0.014 

7.8 

0394 

13.2 

0.314 

2.6 

0.016 

8.0 

0.363 

13-4 

0.202 

2.8 

0.I3I 

8.2 

0.150 

13.6 

0.013 

30 

0.317 

8.4 

O.OIO 

3-2 

0.502 

8.6 

0.038 

Maxima  and  Minima. 


Maxima 

z 

/^z) 

Minima 

z 

I. 

1 .0845 

1.005 

I. 

2.4955 

2. 

3.4669 

0.615 

2. 

4.3631 

3- 

5.1446 

0.510 

3. 

5.8922 

4- 

6.5782 

0.450 

4- 

72436 

5- 

7.8685 

0.412 

5. 

8.4788 

6. 

9.0599 

0.384 

6. 

9.6300 

7- 

10.1774 

0.362 

7- 

I0.7I6I 

8. 

11.2364 

0.345 

8. 

11.7496 

9- 

12.2475 

0.330 

9- 

12.7395 

10. 

13-2185 

0.318 

10. 

13.6924 

It  will  be  noticed  that  the  first  maximum  does  not  coincide 
with  z  =  o,  nor,  therefore,  with  6-0,  the  direction  of  the  ray  of 
minimum  deviation ;  that  the  intensity  of  the  first  maximum,  cor- 
re.sponding  to  a  principal  bow,  is  much  the  greatest ;  and  that 
the   succeeding  maxima,   corresponding   to   the    supernumerary 
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bows,  and  also  the  angular  intervals  between  successive  maxima, 
continuously  decrease,  at  a  decreasing  rate,  with  the  increase  of  6. 

Distribution  of  Colors  in  the  Rainbow. — The  above  discus- 
sion of  the  distribution  of  light  intensity  applies,  as  stated,  to 
monochromatic  light.  When  the  source  of  light  simultaneously 
emits  radiations  of  various  wave-lengths,  as  does  the  sun,  a  cor- 
responding number  of  bows,  each  consisting  of  a  sequence  of 
maxima  and  minima,  are  partially  superimposed  on  each  other. 
In  this  way  different  colors  are  mixed,  and  thus  the  familiar 
polychromatic  rainbow  produced. 

The  particular  mixing  of  colors  that  obtains  is  the  result  of 
several  cooperating  causes.  Thus  the  distribution  of  intensity, 
as  illustrated  by  Fig.  145,  depends  on  phase  difference,  as  given 
by  the  expression, 

T-  COS0   —   X  sin^ 


The  angular  intervals  between  maxima,  say,  increase,  therefore, 
with  A,  and,  consequently,  coincident  distribution  of  the  intensities 
of  any  two  colors  is  impossible.  Again,  since  the  direction  of  the 
ray  of  minimum  deviation  varies  with  the  refractive  index,  as 
already  explained,  and  that  in  turn  with  the  wave-length  or  color, 
it  follows  that  the  direction  of  the  zero  point  on  the  intensity 
curve,  near  which  the  first  maximum  lies,  correspondingly  varies. 
Obviously,  then,  these  tAvo  causes  together  ])roduce'  all  sorts  of 
color  mixings  that  in  turn  arouse  widely  varied  sensations. 

To  determine,  however,  just  what  color  mixtures  are  induced 
by  drops  of  any  given  size,  it  obviously  is  necessary  to  express 
the  values  of  the  abscissa,  c,  of  the  intensity  curve  (Fig.  145)  in 
terms  of  angular  deviation  from  the  C(~)rrespon(ling  principal  ray, 
.since  the  direction  of  each  such  ray  fixes  the  position  of  origin  of 
its  particular  curve. 


Let,  then,  as  before. 


2  X    .    ^ 

-T-  sinO 


or 


Also,  as  before,  let 


_    /4  sing  .v\  ■ 

-  V   >    "/ 


c.y  - 


4  h  costf 
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hence. 

But  whatever  the  vahie  of  6  from  0°  to  30*^ 


48  a-   .  .,  ^  , 

s'    =      .  - .   sin-  6  tan 


sin-g  tang 

Hence,  approximately. 


=    I,  to   within  .0055. 


48  a- 
h  A-^ 


e\ 


or 


-d,('4T 


From  this  equation  it  appears  that  the  angular  distance  be- 
tween any  two  successive  intensity  maxima  varies  directly  as  the 
cube  root  of  the  square  of  the  wave-length  and  inversely  as  the 
cube  root  of  the  square  of  the  diameter,  or  other  linear  dimen- 
sion of  the  parent  drop.  That  is,  this  interval  is  greater  for  red 
light  than  for  blue,  and  greater  for  small  drops  than  for 
large  ones. 

The  following  table,  copied  with  slight  changes,  from  Pernter- 
Exner's  *'  Meteorologische  Optik,"  gives  the  values  of  0  in  minutes 
of  arc  per  0.2  .::.  for  lights  of  different  wave-length  and  drops  of 
different  size. 

Angle  in  Minutes  per  0.2  z,  Primary  Bow. 


a  =in 
microns 


20    25    30    40    SO   100   130   250   500   1000 


X,  in 
microns 

Angle 

in  minutes 

.687 

85.8 

54^o 

41.2 

.34-0 

293 

26.0 

21.4 

18.5 

II. 7 

8.9 

6.32 

3.98 

2.51 

.656 

83.0 

52..3 

39-9 

32-9 

28.4 

25-1 

20.7 

18.0 

II.O 

8.6 

6.10 

3-84 

2.4^ 

■589 

77.0 

4«-5 

370 

30-5 

26.4 

23-3 

19-3 

16.6 

10.5 

7-9 

5-67 

3-57 

2.26 

■527 

71.2 

44-9 

34-2 

28.2 

24.4 

21.6 

17.8 

154 

9.6 

74 

.5-25 

331 

2.10 

•494 

68.1 

42.8 

32.6 

27.0 

23.1 

20.6 

17.0 

14.7 

9-3 

7-1 

5.02 

3-15 

2.03 

.486 

67.2 

42.3 

32.3 

26.7 

22.8 

20.3 

16.8 

14-5 

9.1 

7.0 

4-94 

312 

1.99 

•449 

<>3-4 

40.0 

30.5 

25.2 

21.7 

19.2 

15-9 

137 

8.6 

6.6 

4.67 

2.93 

1.88 

•431 

51-5 

3«^« 

29.6 

24.4 

21.0 

18.6 

154 

13-3 

8.3 

6.4 

4-53 

2.87 

1.82 

By  the  aid  of  this  table;  a 
AP-f^is),  along  the  coordinate 
intensities, 

X    .687       .656       .589       .527 
I  20         86         250        152 


table  of  intensity  distribution, 
z;  and   the   following   relative 


•494 

121 


134 


•449 
163 


.431 
74 


484 


W.  J.  Humphreys. 


[J.  F.  I. 


Pernter  has  constructed  Figs.  146  and  147  that  show  the  intensity 
distributions  of  these  several  colors  due  to  drops  of  .5  mm.  and 
.05  mm.  radius,  respectively. 

It  still  remains  to  determine  the  color  at  any  particular  point 
at  which  the  relative  intensities  of  the  several  colors  are  known. 
This  can  be  done  by  the  aid  of  Maxwell's  ^^^  color  triangle,  as 
explained  in  detail  by  Pernter.  ^*^^ 

Relation  of  size. of  Drop  and  JVazr-Icngth  to  Intensity. — 
Since  the  Airy  expression  for  the  amplitude  of  the  vibration 
produced  at  a  distant  point  by  the  effective  portion  of  the  emitted 
wave  front  involves  the  factor.  (Aa-)^,  it  is  evident  that  the  cor- 


FlG.  146. 

-  DARK   RED. 

RED. 

ORANGE. 

LIGHT  GREEN. 

DARK   GREEN. 

LIGHT  BLUE. 

■  DARK  BLUE. 

>,    —  VIOLET. 


Distributions  of  colors  by  drops  of  0.5  mm.  radius. 


responding  intensity,  which  is  proportional  to  the  square  of  the 
amplitude,  will  be  proportional  to  (Aa"'^)  ^.  This,  however,  is 
based  on  the  assumption  that  the  effective  light  from  the  drop 
comes  strictly  from  the  line  of  a  great  circle.  As  a  matter  of  fact, 
it  actually  comes  from  a  narrow  belt  whose  effective  angular 
width,  as  measured  from  the  centre  of  the  drop,  is  inversely  pro- 
portional to  the  curvature,  or  directly  to  the  radius  a,  and  in- 
versely proportional  to  the  wave-length.'**""'  Hence,  the  actual 
intensity  is  proportional  to  a. 

""Trans.  Roy.  Soc.  p.  57.  i8fio. 

'"*  Meteorologische  Optik. 

'"■  Mascart,  C.  R.,  \'.  115,  p.  453.  i8y2. 
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A  larger  fraction  of  the  short  wave-length  light  is  effective, 
therefore,  than  of  the  long.  Further,  the  rainbow  bands  pro- 
duced by  very  small  droplets  are  not  only  broad,  as  previously 
explained,  but  also  feeble,  and  as  their  colors  necessarily  are  faint 
they  frequently  are  not  distinguished — the  bow  appearing  as  a 
mere  white  band. 

Popular  Oucstious  About  the  Rainbozi'. — A  few  popular 
questions  about  the  rainbow  need  perhaps  to  be  answered.  "What 
is  the  rainbow's  distance?  "  In  the  sense  of  its  proximate  origin, 
the  drops  that  produce  it.  it  is  nearby  or  far  aw^ay.  according  to 
their  respective  distances,  and  thus  extends  from  the  closest  to 
the  farthest  illuminated  drops  along  the  elements  of  the  rainbow 
cone.  Indeed,  the  rainbow  may  be  regarded  as  consisting  of 
coaxial,  hollow  conical  beams  of  light  of  different  colors  seen 
edgewise  from  the  vertex,  and  thus  having  great  depth  or  extent 
in  the  line  of  sight. 

Fig.  147. 


"  Why  is  the  rain])ow  so  frequently  seen  during  summer  and 
so  seldom  during  winter?  "  Its  formation  requires  the  coexist- 
ence of  rain  and  sunshine,  a  condition  that  often  occurs  during 
local  convectional  showers  but  rarely  during  a  general  cyclonic 
storm,  and  as  the  former  are  characteristic  of  summer  and  the 
latter  of  winter,  it  follows  that  the  occurrence  of  the  rainbow 
correspondingly  varies  with  the  seasons. 

"Why  are  rainbows  so  rarely  seen  at  noon?"  As  above 
explained,  the  centre  of  the  rainbow's  circle  is  angularly  as  far 
below  the  level  of  the  observer  as  the  sun  is  above  it.  hence  no 
portion  of  the  bow  can  be  seen  (except  from  an  elevation)  when 
its  angular  radius  is  less  than  the  elevation  of  the  sun  above  the 
horizon.  Now,  during  summer,  the  rainbow  season,  the  elevation* 
of  the  sun  at  noon  is  nearly  everywhere  greater  than  42°.  the 
angular  radius  of  the  primary  bow.  or  even  51°.  the  radius  of  the 
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secondary  bow.  A  rainbow  at  noon,  therefore,  is,  except  for  very 
high  latitudes,  an  impossible  summer  phenomenon,  and,  of  course, 
a  rare  winter  one,  for  reasons  given  above,  even  where  possible. 
"Do  two  people  ever  see  the  same  rainbow?"  Theory 
teaches,  and  ordinary  experience  shows,  that  as  the  observer  re- 
mains stationary  or  moves,  so  also,  other  things  being  equal,  does 
his  rainbow.  If  then,  two  observers  initially  close  together  should 
move  in  opposite  directions,  each  would  find  his  rainbow  re- 
sponding in  the  same  sense  as  his  shadow,  and  presently  the 

Fig.  148. 


Reflected  rainbow. 


positions  and,  therefore,  the  identity  of  the  two  bows  would 
become  unquestionably  different,  from  which  it  follows  that  as 
the  eyes  of  two  observers  must  always  be  separated  by  a  greater 
or  less  distance  their  bows  must  also  be  correspondingly  sep- 
arated and  different — different  in  the  sense  that  they  have  differ- 
ent positions  and  are  produced  by  different  drops.  In  short, 
since  the  rainbow  is  a  special  distribution  of  colors  (produced  in 
a  particular  way)  with  reference  to  a  definite  point — the  eye  of 
the  observer — and  as  no  single  distribution  (other  than  uniform 
and  infinite)  can  be  the  same  for  two  separate  points,  it  follows 
that  two  observers  do  not  and  cannot  see  the  same  rainbow. 
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"  Can  one  see  the  same  rainbow  by  retleclion  that  he  sees 
directly  ?  "  An  object  seen  by  reflection  in  a  plane  surface  is  seen 
bv  the  same  ravs  that  but  for  the  mirror  would  have  focussed  to 
a  point  on  a  line  nonnal  to  it  from  the  eye  and  as  far  back  of  it  as 
the  eye  is  in  front.  But,  as  just  explained,  the  bows  appropriate 
to  two  different  points  are  produced  by  different  drops;  hence, 
a  bow  seen  by  reflection  is  not  the  same  as  the  one  seen  directly. 

Reflected  Rainbozus. — Since  rainbows  occasionally  are  seen 
reflected  in  smooth  bodies  of  water  they  deserve,  perhaps,  a 
somewhat  fuller  explanation  than  that  just  given. 

Let  an  observer  be  at  O  (Fig.  148).  Under  proper  conditions 
of  rain  and  sunshine  he  will  see  directly  a  primary  bow  due  to 
drops  on  the  surface  of  a  cone  formed  by  rotating  OP  about 

Fig.  149. 


Reflection  rainbow. 

OX,  parallel  to  SP,  keeping  the  angle,  POX,  roughly  42°,  con- 
stant; and  by  reflection  in  the  surface  of  the  water,  W,  another 
primary  bow^  due  to  drops  on  the  surface  of  a  different  cone,  one 
formed  by  rotating  O'P'  about  O'X',  also  parallel  to  SP,  keeping 
the  angle  P'O'X'  constant.  The  bow^  seen  by  reflection  neces- 
sarily will  appear  upside  doAvn,  P'  at  P",  etc.  The  arc  of  the  bow 
seen  by  reflection  obviously  (from  the  figure)  will  be  less  than 
that  of  the  bow  seen  directly,  and  for  that  reason  is  likely  to 
appear  flatter. 

Reflection  Rainbows. — A  reflection  rainbow  is  here  defined  as 
one  due  to  reflection  of  the  light  source,  the  sun,  usually,  but 
itself  seen  directly. 

Let  the  observer  be  at  O  (Fig.  149)  with  the  sun  and  a  smooth 
surface  of  water,  JV,  at  his  back  and  illuminated  rain  in  front. 
The  direct  sun.shine  will  give  a  primary  and  a  secondary  bow 
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along  the  elements  of  cones  formed  by  rotating  OP  and  OS, 
respectively,  about  the  common  axis,  OX,  parallel  to  the  incident 
rays,  keeping  the  angles  POX  and  SOX  constant ;  while  the  re- 
flected light  will  give  a  primary  bow  along  the  elements  of  a 
cone  formed  by  the  rotation  of  OPr  about  the  axis  OXr  (OXr 
parallel  to  RPr),  keeping  the  angle  PrOXr  constant,  and  equal  to 
POX.  Reflection  bows  of  higher  orders  than  that  of  the  primary 
are  likely  tO'  be  too  faint  to  be  seen. 

Fig.  150. 
REFLECTION  SECONDARY 


«0 

Direct  and  reflection  rainbows. 


The  angular  elevation  of  the  centre  (axis  really)  of  the  re- 
flection bows  clearly  is  equal  to  the  angular  depression  of  the 
centre  of  the  direct  bows.  Hence,  the  direct  and  the  reflection 
bows  of  the  same  order  intersect  on  the  observer's  level,  as  shown 
150. 

(To  be  Continued.) 
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REFRACTORY  MATERIALS  AND  HIGH  TEMPERA- 
TURE MEASUREMENTS.* 

HV 

C.  W.  KANOLT,  Ph.D., 

Bareau  ot  Standards,  Washington,  D.  C. 
THE   TEMPERATURE  SCALE. 

Before  we  consider  the  measurement  of  high  temperatures, 
it  is  important  to  know  just  what  is  meant  by  temperature.  There. 
are  a  number  of  physical  terms,  including  "  energy,"  "  force," 
*'  mass."  and  "  temperature,"  the  meanings  of  which  are  gen- 
erally well  enough  understood  for  most  purposes,  but  the  precise 
definition  of  which  is  not  easy.  People  sometimes  think  of  tem- 
perature as  being  defined  by  the  expansion  of  mercury  in  a  ther- 
mometer, as  by  dividing  the  stem  of  a  mercury  thermometer 
between  the  freezing  point  of  water  and  the  boiling  point  into 
equal  spaces.  Temperatures  defined  in  such  a  way  would  depend 
upon  the  kind  of  glass  of  which  the  thermometer  was  made,  and 
if  some  other  liquid  than  mercury  were  used  the  scale  would  be 
still  different.  The  definition  would  be  very  arbitrary'.  There 
are  some  very  important  general  principles  of  physics  involving 
temperature  which  are  true  if  temperature  is  properly  defined, 
but  would  not  be  true  if  any  such  arbitrary  definition  were  used. 

If  we  start  with  the  merely  qualitative  conception  of  tem- 
perature that  we  obtain  through  our  senses,  we  may  form  a  satis- 
factory quantitative  definition  if  we  employ  the  observation  that, 
in  the  words  of  Clausius,  "  it  is  impossible  for  a  self-acting  ma- 
chine, unaided  by  any  external  agency,  to  convey  heat  from  one 
body  to  another  at  a  higher  temperature."  By  the  employment 
of  this  principle  and  that  of  the  conservation  of  energy,  it  has 
been  demonstrated  that  in  any  reversible  cyclic  process  operating 
between,  7,,  and  a  lower  temperature,  Tg,  the  ratio     2]     of  the 

quantity  of  heat  absorljed  at  the  higher  temperature  to  that  given 
out  at  the  lower  depends  only  upon  7,  and  Tg.  Lord  Kelvin  has 
proposed  that  absolute  temperature  be  so  defined  that 

*  Presented  at  a  meeting  of  the  Section  of  Physics  and  Chemistry  held 
Tuesday,  February  14,  1918. 
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This  is  a  single  equation  involving  two  temperatures,  and  to  make 
the  definition  complete,  we  specify  arbitrarily  that  the  difference 
between  the  boiling  point  of  water  under  a  pressure  of  one  stand- 
ard atmosphere  and  the  freezing  point  shall  be  lOo"".  This  gives 
us  the  absolute  temperature  in  centigrade  degrees,  while  the  ordi- 
nary centigrade  scale  in  which  the  freezing  point  is  taken  arbi- 
trarily as  zero  differs  from  the  absolute  scale  by  the  difference 
between  the  absolute  zero  and  the  freezing  point,  which  is  273^  C. 

The  definition  here  presented  employs  the  conception  of  a 
reversible  thermodynamic  process.  The  restriction  to  a  "  re- 
versible "  process  is  important.  By  this  is  meant  a  process  the 
direction  of  which  can  be  reversed  by  infinitesimal  changes  in  the 
applied  forces.  For  example,  jf  a  gas  were  compressed  in  a  cyl- 
inder and  there  were  no  transfer  of  heat  to  or  from  the  gas  and 
friction  could  be  eliminated,  the  force  applied  to  the  piston  to 
produce  slow  compression  would  need  to  be  only  infinitesimally 
more  than  the  resisting  force  exerted  by  the  gas  at  that  particular 
stage  in  the  compression,  and  an  infinitesimal  diminution  in  ap- 
plied force  would  be  sufficient  to  reverse  the  action  at  that  stage. 
Practically,  we  cannot  entirely  eliminate  the  friction  of  the  pis- 
ton, nor  perfectly  control  the  transfer  of  heat,  but  this  result.^ 
merely  from  defects  in  our  machine,  and  does  not  depend  upon 
properties  of  the  gas.  and  by  making  allowance  for  these  imper- 
fections we  can  learn  the  influence  of  a  reversible  process  upon 
the  gas. 

An  example  of  an  irreversible  process  is  presented  by  a  gas 
mixture  in  which  combustion  is  taking  place.  Our  definition  of 
temperature  does  not  apply  to  a  flame ;  a  flame  has  no  tempera- 
ture. This  fact,  which  is  not  always  realized,  illustrates  the  im- 
portance of  the  careful  consideration  of  definitions,  and  is  one 
reason  why  I  have  discu.ssed  the  definition  here.  Perhaps  some 
other  definition  of  temperature  could  be  formed  which  would  be 
applicable  to  a  flame,  but  I  am  not  aware  that  any  consistent  one 
has  been  developed.  We  may  think  of  the  temperature  of  the 
flame  as  the  tem])erature  which  a  solid  object  placed  in  it  will 
ac(|uire;  but  this  temperature  depends  upon  various  conditions, 
including  the  loss  of  heat  from  the  solid  by  conduction  and  radia- 
tion, and  even  if  we  can  prevent  such  loss  of  heat  it  depc^ids 
upon  the  nature  of  the  solid,   for  the  solid  may  have  a  marked 
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iiiriuence  upon  the  rate  of  combustion,  and  probably  has  some 
influence  in  any  case.  When  a  tlame  contains  soHd  particles  of 
carbon,  as  a  yellow  gas  flame  does,  these  solid  particles  have  a 
temperature  and  it  can  be  measured,  but  it  does  not  represent 
the  temperature  of  the  gaseous  part  of  the  flame.  For  practical 
purposes,  we  do  not  want  to  know  the  real  temperatures  of  flames, 
but  only  that  which  they  will  impart  to  solids  or  liquids,  and 
this,  of  course,  can  l^e  determined,  but  it  depends  upon  conditions. 

The  definition  of  temperature  which  has  been  presented, 
which  may  be  called  the  thermodynamic  definition,  is  equivalent 
to  that  in  terms  of  the  expansion  of  an  ideal  gas,  that  is,  one  in 
which  the  product  of  pressure  and  volume  is  proportional  to 
absolute  temperature,  and  which  does  not  change  temperature 
when  it  expands  without  doing  work.  No  such  gas  exists,  but 
if  we  use  a  real  gas,  a  determination  of  certain  physical  constants 
of  the  gas  and  the  use  of  the  laws  of  thermodynamics  enable 
us  to  calculate  the  difference  between  the  apparent  tem- 
perature indicated  by  the  expansion  of  the  gas  and  the  true 
thermodynamic  temperature. 

The  International  Committee  on  Weights  and  Measures 
adopted  as  the  standard  thermometer  scale  that  defined  by  the 
constant-volume  hydrogen  thermometer.  Since  hydrogen  ap- 
proaches closely  the  condition  of  a  perfect  gas,  the  difference 
between  this  scale  and  the  thermodynamic  scale  is  very  small. 

Gas  thermometers  are  of  value  as  primary  standards,  but  their 
use  requires  a  great  deal  of  care,  and  they  are  not  well  adapted 
to  routine  work.  At  high  temperatures  they  are  especially  limited 
by  the  circumstance  that  there  are  no  materials  from  which  the 
thermometer  bulbs  can  be  made  which  resist  temperatures  above 
certain  limits  without  permitting  the  gas  to  leak  out,  and  without 
undergoing  permanent  deformation.  At  high  temperatures  ni- 
trogen has  been  used  in  preference  to  hydrogen  because  nitrogen 
does  not  leak  out  as  fast.  Nitrogen  thermometers  have  been  used 
at  temperatures  up  to  about  1600°  centigrade.  They  are  used 
for  the  calibration  of  pyrometers  of  other  types,  and  especially 
for  the  determination  of  standard  temperatures,  most  of  them  the 
melting  points  of  pure  substances,  which  temperatures  can  be 
readily  reproduced  and  serve  as  practical  standards. 
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THERMOCOUPLES. 

Of  the  pyrometers  used  practically,  thermocouples  are  the 
most  numerous.  A  thermocouple  consists  essentially  of  two  wires 
of  different  materials  joined  end  to  end.  If  the  junction  is  heated, 
a  small  electromotive  force  is  produced,  which  may  be  measured 
by  an  electrical  instrument  attached  to  the  other  ends  of  the  wires. 
The  electromotive  force  depends  not  only  upon  the  temperature 
of  the  hot  junction,  but  also  upon  the  temperatures  of  the  other 
junctions  in  the  circuit,  and  either  the  cold  junctions  must  l)e  kept 
at  constant  temperature,  or  their  temperatures  must  be  measured 
and  a  suitable  allowance  made.  The  metals  of  the  couple  must, 
of  course,  be  able  to  withstand  the  temperatures  to  be  measured, 
and  for  accurate  work  they  must  not  change  under  the  action  of 
heat,  and  they  must  be  uniform.  For  high  temperatures  the  best 
couples  known  are  those  having  one  wire  made  of  pure  platinum, 
the  other  of  an  alloy  of  platinum  w'ith  about  lo  per  cent,  of 
rhodium.  They  are,  of  course,  rather  expensive.  The  chief 
difficulty  in  their  use  arises  from  the  necessity  of  protecting  the 
platinum  very  well  from  contamination,  which  causes  a  change 
in  electromotive  force  and  an  error  in  reading.  Any  metal,  even 
metal  vapor,  is  injurious.  A  reducing  atmos])here  is  also  very 
injurious,  perhaps  because  it  introduces  silicon  into  the  platinum 
by  reduction  of  some  of  the  silica  compounds  usually  present  in 
the  furnace  used.  The  platinum  couples  are  usually  protected  by 
air-tight  procelain  tubes. 

When  the  temperature  to  be  measured  is  not  very  high, 
cheaper  couples  made  of  base  metals  may  l^e  used.  For  instance, 
for  low  temperatures  couples  made  of  copper  and  constantan  are 
useful,  constantan  being  an  alloy  of  copper  and  nickel;  for  higher 
temperatures  iron  and  constantan,  and  various  alloys  containing 
nickel,  iron,  chromium  and  aluminum  are  used.  Base  metal 
couples  cannot  well  be  used  above  about  iioo°  or  1200°  C. 

The  electromotive  force  is  commonly  measured  by  a  galva- 
nometer, the  scale  of  which  may  be  graduated  to  read  temperature 
directly.  The  galvanometer  should  have  a  high  resistance,  else 
its  indication  will  depend  too  much  upon  the  resistance  of  the 
couple,  which  depends  upon  how  much  of  the  couple  is  hented. 
b^)r  the  most  accurate  work  a  potenticnneter  is  employed. 

Before  a  thermocouple  is  used  a  calibration  must  usually  l)e 
made  to  find  the  relation  Ixitween  the  electromotive  force  of  the- 
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couple  and  the  temperature.  This  cannot  be  calculated  from  any 
known  theoretical  relations.  If  several  couples  are  made  from 
a  stock  of  wire  drawn  from  the  same  ingot,  one  calibration  on 
that  lot  of  wire  may  be  sufficient  for  practical  puq:)Oses.  but  in 
tlie  case  of  most  metals  it  is  difficult  to  obtain  wire  that  is  suf- 
ficiently uniform  so  that  couples  made  from  dififerent  portions  of 
it  by  joining  to  uniform  wire  of  another  material  will  give  the 
same  electromotive  force  at  the  same  temperature. 

Couples  may  be  calibrated  by  means  of  known  melting  points 
or  lx)iling  points.  The  melting  points  of  copper,  silver,  anti- 
mony, zinc  and  lead  are  commonly  employed.  The  metal  is 
melted  in  a  crucible  of  some  material  that  will  not  contaminate 
it.  the  couple  is  placed  inside  a  protecting  tube  and  immersed  deep 
in  the  metal,  the  metal  is  allowed  to  cool  slowly  and  the  electro- 
motive forces  measured  at  definite  times  are  observed.  While 
the  metal  is  freezing  the  electromotive  force  remains  nearly  sta- 
tionary and  the  value  then  observed  corresponds  to  the  melting 
point  of  the  metal. 

RESISTANCE    THERMOMETERS. 

This  form  of  pyrometer  depends  upon  the  change  of  resist- 
ance of  a  metal  with  temperature.  The  metal  used  is  almost  al- 
ways platinum.  They  are  not  used  to  quite  so  high  temperatures 
as  platinum  thermocouples,  partly  because  to  have  enough  re- 
sistance, the  wire  must  be  rather  fine,  and  is  therefore  more 
easily  influenced  by  contamination.  They  are  capable  of  detect- 
ing ver}-  small  changes  of  temperature,  which  is  important  for 
special  purposes. 

The  current  which  measures  the  resistance  of  the  platinum 
must  be  carried  to  it  by  leads,  and  it  is  necessary  to  eliminate  the 
resistance  of  the  leads  from  the  resistance  measured,  since  this 
resistance  depends  upon  the  distribution  of  temperature  along 
the  leads.  This  resistance  may  be  eliminated  by  either  of  two 
methods,  known  as  the  three-lead  method,  and  the  four-lead 
method.  In  the  three-lead  method,  two  leads  are  used  on  one 
side  of  the  platinum  resistance,  and  if  the  leads  are  in  all  respects 
the  same,  and  if  the  resistance  of  the  two  in  series  is  subtracted 
from  the  resistance  through  the  platinum  w'ith  a  lead  at  each  end. 
the  result  is  the  resistance  of  the  platinum.  The  four-lead  method 
is  the  most  reliable  for  accurate  w^ork.  In  this  method  two  leads 
carry  a  current  through  the  platinum  resistance,  while  the  other 
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two  serve  for  the  measurement  of  the  difference  in  potential  be- 
tween the  two  ends  of  the  resistance. 

The  platinum  wire  is  commonly  wound  on  mica.  It  should  be 
wound  in  such  a  way  that  the  inequality  in  the  expansion  of  plati- 
num and  the  supporting  material  does  not  put  a  strain  on  the 
platinum,  for  this  would  change  its  resistance. 

Resistance  thermometers,  like  thermocouples,  must  be  cali- 
brated against  known  temperatures.  The  boiling  points  of  sul- 
phur, naphthalene  and  water,  and  the  melting  point  of  ice  are 
commonly  used. 

OPTICAL    AND    RADIATION    PYROMETERS. 

The  pyrometers  so  far  described  all  have  parts  that  must  be 
put  into  the  place  where  the  temperature  is  to  be  measured.  When 
we  need  to  measure  extremely  high  temperatures,  say  tempera- 
tures above  1500°  C,  we  cannot  find  materials  suitable  for  the 
purpose  that  are  sufficiently  permanent  at  high  temperatures, 
but  we  can  then  determine  the  temperatures  by  a  study  of  the 
light  and  heat  radiation  emitted. 

The  intensities  of  the  radiations  of  various  wave  lengths  emit- 
ted depend  not  only  upon  the  temperature  but  also  upon  the  ma- 
terial that  emits  the  radiation.  But  fortunately  there  are  certain 
conditions  that  give  a  kind  of  radiation  which  depends  upon  the 
temperature  onlv.  If  a  closed  vessel  of  any  solid  material  is 
heated  to  a  uniform  temperature  the  nature  of  the  radiation  inside 
the  vessel  depends  only  upon  the  temperature  and  not  upon  the 
material.  Such  a  vessel  is  commonly  called  a  "  black  body."  If 
a  hole  is  made  in  the  wall  of  the  vessel  that  is  small  relative  to 
the  dimensions  of  the  vessel,  the  radiation  within  the  vessel  is 
changed  only  a  little,  and  the  radiation  that  comes  out  of  the  hole 
is  very  nearly  "  black  body  radiation."  This  radiation  is  of  all 
wave  lengths,  both  visil)lc  and  invisible.  The  influence  of  tem- 
perature upon  its  composition  is  known,  and  is  expressed  by  the 
following  e(|uations : 

E   =   r  T*  Stefan  and  I^>Itzniann 

/   =    ■ — 7~7Z 7  Planck 


X' 


(;--■) 


c, 


/   =  r  Wien 

\*  e  — 
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£  =  total  energy  radiated  from  unit  area  in  unit  time. 
X  =  wave  length. 
/  =  energy  per  unit  range  of  wave  length   radiated   from  unit 

area  in  unit  time. 
7"  =  absolute  thermodynamic  temperature. 
r  =  base  of  Napierian  logarithms. 
(T.  C„  C,  =  universal  constants. 

When  the  wave  length  i.s  expressed  in  centimetres,  and  the 
area  in  square  centimetres,  and  the  gram  calorie,  second  and 
centigrade  degree  are  used,  the  values  of  these  constants  are: 

a  =  1.28  X  10-" 
C.  =  8.8  X  icr" 
C,=  1.445 

The  Stefan-Boltzmann  law  is  strictly  correct.  It  was  obtained 
experimentally  by  Stefan  and  was  later  proved  on  the  basis  of 
thermodynamics  by  Boltzmann. 

The  Planck  law  agrees  with  observation,  and  Planck  and 
others  have  presented  theoretical  demonstrations.  These  dem- 
onstrations have  not  been  founded  upon  such  unquestionable 
principles  as  those  underlying  the  Stefan-Boltzmann  law,  and 
have  given  rise  to  much  discussion  among  physicists ;  but  the 
weight  of  observational  and  theoretical  evidence  is  such  that 
the  relation  may  be  safely  employed. 

The  Wien  law,  which  was  published  before  the  Planck  law, 
is  not  strictly  correct ;  but  its  errors  are  large  only  for  long  wave 
lengths  in  the  infra-red  radiation,  while  for  visible  light  the 
difference  between  this  law  and  Planck's  is  below  the  limits  of 
observation.  It  is,  therefore,  employed  in  optical  pyrometry,  and 
leads  to  much  simpler  calculations  than  the  Planck  law. 

Each  of  these  laws  gives  the  radiation  from  the  black  body. 
There  is  also  radiation  from  the  surroundings  or  from  the  ob- 
serving instrument  to  the  black  body,  and  the  net  transfer  of 
energy  is  the  difference  between  the  two;  but  in  pyrometry  the 
latter  effect  is  negligible. 

There  are  two  important  classes  of  pyrometers  employed  at 
ver>'  high  temperatures;  those  that  depend  upon  the  intensity  of 
visible  light,  called  optical  pyrometers,  and  those  that  depend 
upon  the  total  radiant  energy  of  all  wave  lengths,  commonly  called 
radiation  pyrometers. 
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The  Holborn-Kurlbaum  or  Alorse  optical  pyrometer  ^ 
been  employed  in  the  most  accurate  measurements  of  very 
temperatures.  It  consists  essentially  of  a  telescope,  which  nv«^ 
have  little  or  no  magnifying-  power,  with  a  small  filament  lamp 
in  the  focal  plane  of  the  eye-piece,  which  is  covered  with  a  piece 
of  red  glass  of  a  kind  transmitting  as  nearly  as  possible  mono- 
chromatic light.  Upon  looking  into  the  instrument  one  sees  an 
image  of  the  object  upon  which  it  is  sighted,  and  over  this  image 
the  lamp  filament.  The  current  in  the  filament  is  varied  by  means 
of  a  varialjle  resistance  until  the  end  of  the  filament  has  the  same 
brightness  as  the  field,  when  it  becomes  nearly  or  quite  invisible. 
The  current  is  then  measured.  The  instrument  is  calibrated  by 
observing  known  temperatures  and  forming  a  curve  or  equation 
giving  the  relation  between  current  and  temperature.  The  lamp 
must  not  be  heated  to  as  high  a  temperature  as  that  at  which  it 
would  l)e  operated  for  illuminating  purposes,  because  at  such  a 
temperature  its  temperature-current  relation  would  change  with 
time.  When  it  is  necessary  to  measure  higher  temperatures,  a 
black  absorption  glass  is  placed  between  the  instrument  and  the 
heated  object,  and  the  apparent  temperature  observed  through 
the  glass  is  measured.  The  glass  may  be  calibrated  by  observing 
through  it  an  object  at  a  temperature  low  enough  to  be  also 
observed  directly.    Then,  if 

T,  =  known  temperature 
T2  =  unknown  temperature 
T3,  Tf  =  apparent  temperatures  when   T,  and   T,.  respectively,  are 
observed  through  the  glass, 

all  temperatures  being  on  the  absolute  scale,  the  unknown  tem- 
perature can  be  calculated  from  the  relation 

I    _    I    _    I         I 

which  can  be  deduced  from  the  Wien  law.    The  quantity   ~  -  ^ 

is  a  constant  characteristic  of  the  absorpticMi  glass  for  the  wave 
length  used.  No  knowledge  of  the  radiation  constants  or  the 
wave  length  is  re(|uire(l  when  this  method  is  employed.  By  using 
a  sufficiently  dark  glass  it  is  possible  to  measure  the  highest  tem- 
perature that  can  be  produced. 

In  the  Wanner  of  Scimatco  optical  pyrometer  the  field  is 
divided  into  two  halves,  each  of  which  is  uniformly  illuminated, 
one  by  the  object  upon  which  the  instrument  is  sighted,  the  other 
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nn  electric  lamp,  which  is  operated  at  a  constant  brightness 

.  asional  comparison  with  an  amyl  acetate  flame.  A  systern 
Oi' .'prisms  jKrmits  the  transmission  only  of  light  in  a  portion  of 
the  red  end  of  the  visible  spectrum  and  the  employment  of  two 
polarizing  prisms,  one  fixed,  the  other  movable,  permits  the  varia- 
tion of  the  intensities  of  the  two  parts  of  the  field  until  they  match. 
The  angle  to  which  the  movable  prism  has  been  turned  indicates 
the  temperature. 

There  are  a  numl)er  of  optical  pyrometers  in  which  the  field 
is  divided  into  two  parts,  one  illuminated  by  the  heated  object, 
the  other  by  a  standard  source  of  light,  the  two  parts  being 
brought  to  the  same  brightness  by  placing  some  variable  absorb- 
ing device  in  the  path  of  the  more  intense  source  of  light. 

In  radiation  pyrometers,  the  radiant  heat  is  caused  to  fall 
upon  one  junction  of  a  thermocouple,  which  is  connected  to  a  gal- 
vanometer. In  the  Fery  type  the  radiation  is  converged  by  a 
concave  mirror  onto  a  thermocouple  exposed  under  an  opening 
in  a  small  shielding  box.  The  radiation  entering  is  limited  by 
this  opening.  In  the  Thwing  type,  the  radiation  is  limited  by  a 
diaphragm  at  the  front  of  the  instrument.  Radiation  pyrometers 
give  good  results  with  suitable  precautions,  but  they  are  some- 
what influenced,  especially  in  the  Fery  type,  by  stray  heat,  which 
may  reach  the  thermocouple  otherwise  than  by  direct  radiation. 

Both  optical  and  radiation  pyrometers  are  usually  calibrated 
to  read  correctly  when  sighted  upon  a  black  body.  The  interior 
of  a  furnace  fairly  uniformly  heated  usually  approximates  black 
body  conditions,  but  it  is  often  required  to  measure  the  tempera- 
ture of  objects  in  the  open,  for  example,  red-hot  billets  of  metal 
in  the  process  of  rolling.  In  such  cases  it  is  necessary  to  know 
the  emissivity  of  the  particular  material  observed,  that  is,  the  ratio 
of  the  intensity  of  the  radiation  it  emits  to  that  emitted  by  a 
black  l)ody.  or  to  calibrate  the  pyrometer  by  comparing  observa- 
tions made  with  it  with  the  temperature  of  the  material  as 
measured  in  some  other  way,  as  by  thermocouples.  The  emis- 
sivity is  a  function  of  both  temperature  and  wave  length. 

PYROMETRIC   CONES. 

Pyrometric  "  cones  "  are  employed  for  temperature  control 
in  many  industries.  They  consist  of  slender  pyramidal  molded 
forms  of  various  materials,  which  are  set  up  in  a  slightly  inclined 
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position  in  a  base  of  clay  or  other  material,  and  inserted  in  the 
furnace  the  temperature  of  which  is  to  be  controlled.  When  a 
cone  has  softened  sufficiently  to  bend  over  until  its  tip  touches 
the  support,  the  temperature  corresponding  to  that  cone  is  con- 
sidered to  have  been  reached.  A  series  of  cones  corresponding 
to  temperatures  at  intervals  of  about  20°  C.  is  employed. 

Cones  are  not  adapted  to  the  accurate  measurement  of  tem- 
perature, since  their  falling  over  depends  not  only  upon  the  tem- 
perature but  also  upon  the  length  of  time  of  heating.  It  is,  there- 
fore, not  advisable  to  attempt  to  correlate  definite  temperatures 
with  the  cone  numbers.  However,  they  are  very  useful  in  the 
■control  of  many  industrial  operations  when  they  are  used  under 
nearly  constant  conditions  and  when  it  has  been  found  by  trial 
that  the  operation  of  a  furnace  at  a  certain  cone  number  gives 
satisfactory  results. 

TEMPERATURE    TABLE, 

Some  of  the  more  important  or  more  interesting  high  tem- 
peratures are  shown  in  the  table.  The  very  high  temperatures, 
except  those  of  the  stars,  have  been  measured  with  optical  or 
radiation  pyrometers.  The  determination  of  the  surface  tempera- 
ture of  the  sun  is  based  upon  the  assumption  that  it  radiates  like 
a  black  body.  The  estimates  of  the  surface  temperatures  of  the 
stars  have  been  based  upon  observations  of  the  distribution  of 
energy  in  their  spectra.  These  estimates  are  quite  uncertain. 
The  temperatures  in  bold- face  type  are  accurately  known  and 
are  employed  as  fixed  points  in  the  calibration  of  pyrometers. 

CentiRrade 
DcRrees 

Stars  (at  surface)    up  to  about  20,000 

Sun  (at  surface)    6,000 

Highest  temperature  yet  produced  artificially 6,000 

Carbon  arc  3.800 

Tungsten  melts  3.400 

Magnesia  melts  2,800 

Lime  melts  2,570 

Iron  boils  2,450 

Copper  boils 2,300 

Alumina  melts 2,050 

Platinum  melts  1.755 

Fireclay  melts 1,560  to  i  ,7.>s 

Palladium  melts    1,55° 

Pure  iron  melts 1.530 
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Centigrade 
Degrees 

Nickel  melts 1.452 

Cast  iron  melts i.ioo  to  1,250 

Copper  melts 1,083 

Gold  melts  1,063 

Silver  melts  961 

Antimony  melts   630 

Sulphur  boils 444-6 

Zinc  melts 4^9 

Tin   melts    232 

MELTING   POINTS. 

One  of  the  most  important  properties  of  a  refractory  material 
is  its  melting  point.  We  are  accustomed  to  thinking  of  a  melting 
point  as  a  temperature  at  which  a  substance  changes  from  a  con- 
dition in  which  it  does  not  flow  perceptibly  under  its  own  weight 
to  a  condition  in  which  it  flows  readily.  Most  pure  substances 
have  melting  points  that  are  quite  definite  and  unmistakable,  but 
with  some  materials  this  is  not  the  case.  For  example,  when  glass 
is  heated,  the  transition  from  its  ordinary  condition  to  a  dis- 
tinctly fluid  condition  is  a  very  gradual  one  and  occupies  a  range 
of  several  hundred  degrees.  Some  other  substances  which  possess 
perfectly  definite  temperatures  of  transition  to  a  fluid  phase, 
undergo  changes  resembling  fusion  at  lower  temperatures.  Solids 
in  general  l^ecome  softer  when  heated ;  they  may  become  so  soft 
as  to  yield  to  their  own  surface  tension,  with  the  result  that  sharp 
corners  are  rounded  off.  Rutile,  in  its  natural  slightly  impure 
condition,  melts  at  alxDut  1700°  C.  The  melting  point  is  very 
definite,  there  being  a  sharp  transition  from  a  rather  soft  solid 
to  a  liquid  of  low  viscosity,  with  a  considerable  absorption  of 
heat.  Yet  at  temperatures  100  degrees  or  more  below  the  melting 
point,  corners  are  rounded  off  and  small  particles  become  sintered 
together.  The  sintering  of  clay  is  probably  a  similar  phenomenon 
of  surface  tension.  Clay  exists  generally  in  the  form  of  extremely 
fine  particles,  its  unusually  slight  solubility  in  water  accounting 
for  this  condition.  Fine  particles  are  more  readily  united  by 
surface  tension  than  large  ones. 

A  melting  point  can  be  precisely  defined,  in  such  a  manner 
that  it  corresponds  to  a  real  discontinuity  in  the  nature  of  the 
substance,  only  as  the  temperature  at  which  a  crystalline  or 
anisotropic  phase  and  an  amorphous  or  isotropic  phase  of  the 
same  composition  can  exist  in  contact  in  equilibrium. 
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While  this  definition  is  satisfactory  for  the  case  of  a  pure 
substance,  so  complex  a  mixture  as  an  ordinary  fire  brick  usually 
has  no  single  definite  melting  point  according  to  this  definition, 
since  several  anisotropic  phases  may  be  present,  all  differing  in 
composition  from  the  isotropic  phase  produced  by  fusion.  We 
can  then  only  select  the  temperature  at  which  the  transition  from 
a  rigid  to  a  fluid  state  seems  most  distinct,  and  can  call  this  the 
melting  point  only  by  apology.  In  the  case  of  fire  bricks,  the 
transition  temperatures  so  found  are  fortunately  sufficiently 
definite  to  make  their  determination  of  practical  value. 

Some  substances  after  being  melted  and  then  cooled  below 
the  melting  point,  crystallize  so  slowly  that  cooling  can  be  con- 
tinued down  to  ordinary  temperature  without  noticeable  crystal- 
lization, the  material  usually  becoming  so  viscous  that  it  is  for 
practical  purposes  a  solid,  though  in  consistency  with  our  defini- 
tion of  melting  point,  it  may  be  considered  a  liquid.  Ordinary 
glass  and  silica  glass  belong  in  this  class. 

REFRACTORY  MATERIALS. 
CARBON. 

Carbon  exists  in  the  allotropic  crystalline  forms  of  graphite 
and  diamond,  and  in  the  amorphous  state.  Diamond  and 
amorphous  carbon  are  converted  to  graphite  by  the  action  of 
very  high  temi)erature. 

Graphite  is  the  most  refractory  material  known.  At  the  tem- 
perature of  the  carbon  arc,  about  3800^^  C,  its  vapor  pressure 
becomes  equal  approximately  to  that  of  the  atmosphere,  and  it 
vaporizes  without  melting.  It  is  very  doubtful  whether  it  has 
ever  been  melted.  At  very  high  temperatures  phenomena  some- 
times take  place  which  give  it  very  much  the  a])pearance  of 
having  been  melted.  For  instance,  if  an  arc  is  produced  in  a 
space  containing  no  oxygen,  the  carbon  vaporizes  from  the  part 
heated  by  the  arc,  and  the  vapor  condenses  on  adjoining  parts, 
often  forming  nodular  masses,  which  look  very  nuich  as  though 
they  had  been  produced  by  fusion. 

Graphite  is  a  very  useful  refractory  material  for  laboratory 
purposes  and  for  many  industrial  pur])oses,  for  the  reasons  that 
it  is  very  refractory,  conducts  electricity,  and  can  l>e  easily  ma- 
chined into  almost  any  shai>c.  Several  forms  of  high  temperature 
laI)oratory  furnaces  have  graphite  electric  heaters. 
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METALS. 

The  most  refractor)-  metals  are  of  interest  in  connection  with 
the  manufacture  of  filament  electric  lamps.  Of  these  metals 
tungsten  is  the  mt)st  refractory  and  is  the  one  now  in  use  in  lamps. 
Tantalum,  molybdenum  and  osmium  are  also  very  refractory. 
Tungsten  is  produced  in  the  form  of  powder  by  the  reduction  of 
its  o.xide.  This  powder  can  be  molded  into  rods,  crucibles  and 
other  forms,  and  sintered  by  heating  to  1800°  to  2000°  C. 
The  material  produced  in  this  way  is  very  porous.  Compact 
ductile  tungsten,  suitable  for  the  drawing  of  wire  for  lamp  fila- 
ments, is  made  by  hammering  the  porous  material,  with  suit- 
able heat  treatment. 

Metals  of  the  platinum  group  are  all  refractory.  Platinum  is 
used  for  crucibles,  thermocouples,  resistance  thermometers,  elec- 
tric heaters,  and  other  purposes.  Electric  furnaces  with  platinum 
heaters  may  be  used  at  temperatures  up  to  about  1500°  C,  though 
it  is  commonly  not  advisable  to  approach  very  close  to  this  limit. 

Laborator}-  furnaces  with  iridium  heaters  have  been  used 
in  a  few  instances,  but  they  are  very  expensive.  They  give  tem- 
peratures up  to  about  2000°  C.  The  advantage  of  platinum  and 
iridium  heaters  over  the  cheaper  graphite  heaters  is  that  they 
can  l^e  used  in  contact  with  air.  while  graphite  heaters  would  burn 
in  air  and  must  be  used  in  a  vacuum  or  in  a  non-oxidizing  gas. 
Graphite  produces  reduction  or  contamination  in  many  materials 
which  it  may  ]^  desired  to  heat.  Some  base  metals,  especially 
alloys  containing  chromium  and  nickel,  are  used  for  electric 
heaters  at  moderate  temperatures.  A  temperature  of  1100°  C.  is 
about  the  limit  for  such  heaters. 

OXIDES. 

Many  metallic  oxides  are  highly  refractory.  Magnesia,  one 
of  the  most  refractory,  has  a  melting  point  of  2800°  C,  while 
that  of  zirconia  is  possibly  higher.  Magnesia  is  used  as  an  in- 
dustrial and  laboratory  refractory.  Zirconia  with  yttria  was 
used  in  the  Xernst  electric  lamp,  which  has  now  gone  out  of  use. 
Within  the  last  few  years  natural  deposits  of  zirconia  have  been 
found  in  sufficient  quantity  to  form  an  industrial  source.  Pre- 
viously it  was  obtained  from  the  silicate,  zircon. 

Lime,  -whh  a  melting  point  of  2570°  C,  is  very  refractory,  and 
has  some  advantage  in  mechanical  properties  over  magnesia.     It 
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has  the  disadvantage  of  slaking  when  exposed  to  air.  It  has 
been  used  for  some  laboratory  purposes,  and  also  in  the  lime 
light,  which  has  now  been  supplanted  by  the  arc  light. 

Thoria  and  ceria  are  used  in  Welsbach  gas  mantles.  Beryllia 
is  very- refractory,  but  has  received  little  application. 

Alumina,  melting  at  2050°  C,  forms  the  basis  of  the  abrasive 
known  as  "  alundum,"  which  is  made  by  fusing  alumina  and 
grinding  the  compact  mass  thus  obtained. 

Silica  is  used  commercially  as  brick,  and  also  forms  a  valu- 
able glass.  It  melts  at  1710°  C,  forming  so  viscous  a  liquid  that 
very  little  crystallization  occurs  on  cooling,  and  the  product  is  a 
glass  of  very  low  expansion  coefficient,  which  makes  it  capable 
of  resisting  sudden  changes  of  temperature.  Since  this  is  made 
by  fusing  quartz,  the  most  common  crystalline  form  of  silica, 
it  is  often  called  "  quartz  glass,"  though  this  is  not  correct,  for 
after  fusion  it  is  no  longer  quartz. 

REFRACTORY  BRICK. 

The  most  commonly  employed  refractory  brick  is  that  made 
of  fire  clay.  The  essential  ingredient  of  clay  is  the  compound 
Al20;{,2Si02,2HoO.  When  this  occurs  in  the  pure  condition  it 
is  known  as  kaolin.  When  kaolin  is  heated  to  a  high  temperature 
the  resulting  material  is  a  mixture  of  AU0;{,Si02  and  SiO^,  and 
has  an  apparent  softening  point  of  1740°  C.  This  is,  therefore, 
the  highest  softening  point  obtainable  in  brick  containing  noth- 
ing more  refractor)^  than  clay.  Some  commercial  fire-clay  brick 
approaches  within  a  few  degrees  of  this  value. 

If  the  material  used  contains  in  addition  to  clay  the  mineral 
bauxite,  Al20(OH)4,  the  material  produced  under  the  action  of 
heat  has  an  increased  proportion  of  Al20.j,Si02,  which  has  a 
melting  point  of  1810°  C,  and  the  brick  may  l)e  more  refractory 
than  the  l>est  clay. 

Silica  brick  are  used  in  considerable  quantity.  They  are  made 
from  a  silica  rock  called  "  gannister,"  tended  with  a  little  lime. 
If  made  of  good  material  their  melting  point  is  very  little  IkMow 
that  of  pure  silica  (1710°  C). 

Magnesia  brick  of  good  quality  are  the  most  refractory  in 
common  use.  Good  brick  is  not  readily  made  from  pure  mag- 
nesia, since  its  bonding  qualities  are  poor.  Commercial  mag- 
nesia brick  contains  iron  oxide, which  serves  as  a  binding  material. 
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As  the  result  of  the  presence  of  iron  and  impurities,  the  melting 
point  is  far  below  that  of  pure  magnesia  (2800°  C),  but  still 
ver>-  high,  generally  2000^  to  2200"'  C.  When  the  brick  is  heated 
to  near  its  melting  point  the  vaporization  of  iron  and  other  ma- 
terial causes  the  melting  point  to  increase  and  renders  its  deter- 
mination rather  uncertain. 

While  lime  is  too  unstable  in  air  to  be  used  as  a  refractory 
material  on  a  large  scale,  the  mineral  dolomite,  which  consists 
of  carbtMiate  of  lime  and  magnesia,  gives  upon  firing  a  mixture 
of  lime  and  magnesia  which  is  more  stable  and  is  of  practical  use. 

Chromite.  FeO.CroO.,,  is  used  in  the  manufacture  of  a  brick 
which  has  the  valuable  property  of  l^eing  very  resistant  to  the 
fluxing -action  of  almost  any  fused  material.  It  also  has  a  very 
high  melting  point,  about  2050°  C. 

While  the  melting  or  softening  temperature  of  a  refractory 
brick  is  perhaps  the  property  most  often  considered  as  an  indi- 
cation of  its  value,  many  other  properties  are  of  importance  in 
various  degrees,  depending  upon  the  use  to  be  made  of  it.  For 
some  uses,  for  example  in  the  lower  tiers  of  blast  furnaces,  it 
must  have  high  crushing  strength,  not  only  cold  but  also  hot. 
When  exposed  to  contact  with  furnace  tools  it  must  resist 
abrasive  action.  In  metallurgical  furnaces  it  must  usually  resist 
slagging  action.  Its  thermal  expansion  is  often  important,  since 
too  much  expansion  may  threaten  the  stability  of  furnace  parts, 
especially  roofs.  If  it  is  exposed  to  rapid  changes  of  temperature 
or  to  temperatures  that  are  not  uniform,  it  must  resist  these  with- 
out cracking  or  spalHng. 

LABORATORY    REFRACTORIES. 

In  addition  to  the  materials  already  mentioned,  there  are  a 
number  of  others  that  are  adapted  to  laboratory  use  or  to  other 
use  on  a  small  scale. 

Asbestos  is  a  familiar  material  of  this  class.  Its  value  de- 
pends upon  its  heat  insulating  qualities  and  upon  the  fact  that 
it  can  be  made  into  sheets,  fabric  and  cord.  The  kind  used  most 
in  the  United  States  is  a  variety  of  the  mineral  serpentine.  This 
material  has  a  melting  point  about  as  high  as  that  of  fire  clay, 
but  since  it  becomes  brittle  and  crumbly  at  a  red  heat  it  is  not 
often  used  at  very  high  temperatures. 

Mica  is  useful  for  many  purposes  because  of  its  transparency. 
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and  the  ease  with  which  it  can  be  spht  into  thin  toug'h  sheets. 
When  muscovite  mica  is  heated  it  begins  to  lose  transparency  and 
becomes  brittle  at  about  700'^  C.  These  changes  increase  with 
temperature  until  at  1000^  it  is  very  friable,  while  at  1150°  it  is 
stronger  again,  as  the  result  of  sintering.    It  melts  at  about  1560°. 

Porcelain  is  used  for  thermocouple  tubes  and  insulators, 
spark  plugs,  crucibles,  laboratory  furnace  tubes,  and  in  a  variety 
of  ways.  The  range  of  melting  points  is  wide;  the  best  is  alx)Ut 
as  refractory  as  fire  clay. 

Crucibles,  tubes  and  other  forms  made  from  alundum  (bonded 
fused  alumina)  and  bonded  silicon  carbide  are  on  the  market. 
They  are  of  use  when  a  product  less  easily  cracked  than  porcelain, 
or  having  a  higher  thermal  conductivity,  is  required.  They  are 
usually  bonded  with  plastic  clay,  and  their  softening  temperature 
is  then  practically  that  of  the  clay. 

The  mineral  steatite,  which  is  a  hydrated  magnesium  silicate, 
has  some  useful  properties.  In  its  natural  state  it  is  very  soft 
and  can  be  easily  cut.  If  it  is  then  fired  it  becomes  quite  hard. 
It  melts  at  about  1525°  C. 

VV'AR    PROBLEMS 

The  war  has  given  rise  to  a  number  of  problems  relating  to 
refractory  materials,  of  considerable  practical  importance,  both 
in  the  production  of  special  military  equipment  and  in  the  ex- 
pansion of  existing  indu.stries.  The  cutting  off  of  the  supply  of 
some  materials  formerly  obtained  from  luirojie,  notalile  mag- 
nesite  and  certain  plastic  clays,  has  caused  difficulties  and  made 
it  necessary  to  give  careful  attention  to  the  possible  sources  of 
such  materials  in  this  country. 

The  war  has  required  the  rapid  production  of  large  numbers 
of  optical  instruments,  including  field-glasses,  range-finders,  giui- 
sights  and  periscopes.  Ik' fore  the  war  all  o])tical  glass  used  in  the 
United  States  was  imported  from  Fuiropc.  and  this  supply  having 
been  cut  off,  the  rapid  establishment  of  a  new  industry  presenting 
considerable  technical  difficulties  was  neces.sary.  One  of  the 
greatest  of  these  difficulties  was  the  production  of  the  large  clay 
pots  in  which  optical  glass  is  melted.  These  pots  nuist  not  only 
Ix;  ca])al)le  of  carrying  a  great  weight  of  melted  glass  without 
danger  of  cracking.  biU  they  must  not  be  readily  attacked  by  the 
melted  glass  nor  add  any  coloring  matter  to  it.      ibis  jjrob'em 
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has  l)een  satisfactorily  solved,  and  the  long  period  formerly  re- 
quired for  the  drying  of  such  pots  has  been  materially  shortened. 

The  airplane  spark  plug  presents  another  military  problem 
in  refractory  materials.  The  life  of  a  spark  plug  is  none  too  long 
in  an  automobile  engine,  while  in  an  airplane  engine  the  condi- 
tions are  much  more  severe,  and  the  problem  of  finding  suitable 
refractory  insulating  material  has  required  serious  attention. 

Before  the  war.  the  best  refractory  porcelain  came  from 
Berlin.  Such  porcelain  is  used  extensively  in  pyrometer  tubes, 
which  are  employed  in  many  important  war  industries.  Its  pro- 
duction in  the  United  States  has  l)een  undertaken,  and  ware  of 
good  quality  is  now  obtainable. 


Salt.  (T.  S.  Gcoloii'ical  Survey  Press  Bulletim  No.  422.) — Salt 
is  plentiful  in  the  United  States,  and  more  of  it  was  produced  in 
1918  than  in  any  preceding  year,  yet  the  rise  in  its  price  helped  a 
little  to  increase  the  high  cost  of  living.  The  average  price  of 
salt  per  ton  in  1914  was  $2.09;  the  average  price  in  1918  was  $3.72, 
an  increase  of  78  per  cent.  The  lowest  estimate  of  human  value — 
the  minimum  human  efficiency — is  expressed  in  the  old  phrase 
"  He's  not  worth  his  salt."  but  this  cheap  commodity  brought  its 
producers  in  the  United  States  in  1918  nearly  $27,000,000,  which 
was  $7,000,000.  or  35  per  cent.,  more  than  they  realized  in  1917. 

Some  producers  reported  that  the  cost  of  labor  was  nearly 
double  that  in  1917,  and  many  had  trouble  in  getting  laborers  of 
any  kind.  One  producer  reported  that  though  the  prices  were 
higher  in  1918  than  in  1917  the  profits  were  less. 

The  United  States  exported  more  than  a  million  and  a  half 
dollars'  worth  of  salt  in  1918,  most  of  it  to  Canada  and  to  Cuba, 
though,  strange  to  note,  we  sent  nearly  23,000,000  pounds,  valued  at 
about  $193,000.  to  far-away  New  Zealand. 

Concentration  of  Sweet  Cider  by  Refrigeration. — The  Weekly 
Xczi's  Letter  of  the  U.  S.  Department  of  Agriculture  for  September 
10,  1919  (  vol.  vii,  Xo.  6,  p.  3)  describes  a  process  by  which  sweet 
cider  is  concentrated  by  mechanical  refrigeration.  The  fresh  apple 
juice  is  frozen,  and  the  frozen  mass  is  crushed,  then  subjected  to 
centrifugation.  The  frozen  water  is  thereby  separated  from  the 
mother  liquor  which  contains  the  solid  matter  of  the  apple  juice. 
Five  gallons  of  juice  yield  one  gallon  of  a  syrupy  concentrate. 
This  concentrate  has  better  keeping  qualities  than  ordinary  cider, 
and  remains  sweet  indefinitely  if  kept  in  cold  storage.  By  addi- 
tion of  water  it  may  be  restored  to  its  original  volume,  con- 
dition, and  flavor.  J.  S.  H. 

Vol.  188,  Xo.  1126 — 37 
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Delivering  Mail  to  Steamer  After  It  Has  Sailed.  (Scientific 
American,  vol.  cxxi,  No.  8,  p.  189,  August  23,  1919.) — One  of  the 
contemplated  uses  of  the  airplane  in  peace-time  is  that  of  overtaking 
steamers  at  sea  for  the  purpose  of  placing  delayed  mail  aboard.  Ob- 
viously, the  speed  of  the  average  airplane  makes  it  possible  to  over- 
take a  steamer  several  hours  after  it  has  left  the  port,  thereby 
extending  the  mail  service  time  that  many  hours. 

An  experiment  in  delivering  mail  to  a  steamer  is  to  be  undertaken 
within  a  few  days  by  C.  J-  Zimmerman,  a  skilled  pilot,  who  will 
follow  the  steamer  Adriatic  two  or  three  hours  after  she  has  sailed 
for  England,  and  overtaking  her  will  drop  a  mail  pouch  with 
a  wooden  float  attachment  into  the  sea  just  ahead  of  her  bow. 
This  experiment  w-ill  be  closely  followed  by  the  post-ofiice 
authorities  and  the  steamship  men,  in  order  to  determine  the 
practicability  of  the  scheme. 

It  has  also  been  suggested  that  steamers  might  carry  small  air- 
planes which,  when  the  steamer  neared  port,  might  fly  with  bags  of 
mail.  If  airplanes  were  employed  to  overtake  the  steamer,  and  one 
or  more  airplanes  employed  to  make  port  some  hours  before 
the  steamer,  perhaps  eight  hours  more  might  be  saved  in 
trans-Atlantic  mail  service.  However,  such  a  scheme  would  call 
for  a  considerable  number  of  machines  and  pilots,  and  would 
entail  a  notable  expense. 

The  Experimental  Kelp-Potash  Plant  of  the  United  States 
Department  of  Agriculture,  was  erected  during  the  summer  of 
1917  and  put  into  operation  in  the  early  fall  of  that  year  (Jour. 
Indus.  Eng.  Chem.). 

One  hundred  tons  of  raw  kelp  per  day  are  subjected  to  drying, 
destructive  distillation,  lixiviation,  evaporation,  and  fractional 
crystallization,  for  the  preparation  of  a  high-grade  potas- 
sium chloride. 

By-products,  kelp-oils,  creosote,  pitch,  ammonia,  bleaching-car- 
bons,  sailt,  and  iodine  are  yielded  in  commercial  quantities  by  this 
process.  The  main  problem  now  in  hand  is  their  commercialization. 
It  is  believed  that  they  will  be  made  to  yield  sufficient  revenue  to 
enable  the  main  product,  potash  salts,  to  be  marketed  successfully  in 
competition  with  foreign  sources. 

Complete  operating  cost  data  are  being  tabulated  covering  the 
various  details  of  manufacture.  These,  together  with  full  specifica- 
tions and  designs,  will  be  made  available  for  the  public. 

The  results  obtained  to  date  indicate  that  it  will  be  possible  to 
establish  on  kelp,  as  the  basic  raw  material,  a  new  American  chemical 
industry  of  importance  and  usefulness  to  the  nation. 


THE  LOW  VISIBILITY  PHASE  OF  PROTECTIVE 
COLORATION.*! 

BY 

LOYD  A.  JONES. 

Physicist,  Research  Laboratory,  Eastman  Kodak  Company. 

Since  the  glare  field  in  the  instrument  is  limited  by  a  circular 
diaphragm  inclmed  at  an  angle  of  45*^  to  the  line  of  sight,  the 
apparent  shape  of  the  held  is  elliptical,  its  longer  axis  being  hori- 
zontal. The  actual  area  included  in  the  field  at  any  time  is  repre- 
sented approximately  by  the  dotted  ellipse,  R,  in  Fig.  6.  Since  the 
piano  wire  leaders  were  very  small  in  diameter,  they  were  not 
visible  from  the  point  of  observation,  being  below  the  limit  of 
visibility  set  by  the  resolving  power  of  the  eye.  The  model,  there- 
fore, was  suspended  in  the  air  without  any  visible  means  of  sup- 
port, and  when  the  surrounding  objects  in  the  same  plane  were 
eliminated  from  the  field  of  view  by  the  diaphragms  of  the  instru- 
ment the  most  important  factors  upon  which  the  perception  of 
distance  depends  were  rendered  inoperative.  The  model,  there- 
fore, when  viewed  through  the  visibility-metre  had  every  appear- 
ance of  a  large  boat  on  the  horizon. 

For  the  purpose  of  the  experimental  determination  of  the  best 
value  of  7?2  under  various  weather  conditions,  a  series  of  nine 
models  was  prepared,  varying  only  in  reflecting  power.  The  low- 
est reflecting  power  was  that  given  by  the  blackest  matt  paint 
obtainable  and  the  highest  that  obtained  by  the  whitest.  The 
intermediate  values  were  obtained  by  using  gray  paints  of  various 
reflecting  powers.  The  reflection  factors  of  these  models  were 
measured  by  use  of  a  reflectometer.  in  which  the  angle  of  illumi- 
nation was  45°  and  the  observation  normal  to  the  painted  sur- 
face. The  paints  used  gave  a  surface,  when  dry,  that  was  quite 
matt,  but  some  specular  reflection  was  present.  While  the  re- 
flection factor  mentioned  above  does  not  coincide  with  the  value 
of  that  term  for  all  possible  conditions,  it  seems  to  be  the  closest 

♦  Communicated  by  Dr.  C.  E.  K.  Mees.  Commtmication  No.  80  from  the 
Research  Laboratory  of  the  Eastman  Kodak  Company. 

7  Concluded  from  page  387.  Vol.  188,  September,  1919. 
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approximation  to  an  average  value  of  that  term  that  it  is  possible 
to  obtain.  The  values  of  reflection  factor,  R,  for  the  series  of 
models  used  are  given  below : 

Model  No.  R. 

P  2  75 

F  12 6o 

^  3 45 

F  13 36 

F  4 28 

F  14 20 

P  5  15 

F  IS • 10 

F  6    05 

A  typical  set  of  observations  is  given  in  Table  I. 

Table  I. 

Date:  November  23,  1917,  3  to  4  p.m. 

Weather:      Sky   covered   with   heavy   uniform   clouds,   Hght  snow    taUing,. 

lake  rough,  strong  N.  W.  wind. 
Station:  i. 

Model  No.         Hi  Bo  W        Log  Bi  B-  V  dV^ 

P  2  335  655  .37  372  5248  15-6  + 

F  12  327  630  .37  3-55  331 1  10. 1  + 

P  3  320  575  -40  3- 16  1445  4-5  + 

P  13  320  575  40  2.47  1295  0.9  -r 

P  4  320  575  40  3-34  2180  6.8  — 

P  14  300  535  40  345  2810  9.4  — 

P  5  287  525  .39  3-57  3710  12.9  — 

F  15  280  550  .37  3-67  4670  157  — 

F  6  280  557  -36  374  5490  19.6  — 

It  will  be  noted  that  IV  is  not  quite  constant  but  is  approxi- 
mately so  for  the  entire  set  of  observations.  Model  F  13  gave 
the  lowest  visibility  value.  The  reflection  factor  for  F  13  is  .36, 
which  is  almost  exactly  equal  to  IV,  the  weather  coefficient  of 
which  the  average  value  for  the  .set  is  .38.  The  visi])ility  values 
from  this  set  of  data  are  plotted,  Curve  i.  Fig.  8,  as  a  function 
of  the  reflection  factors  of  the  various  models. 

The  two  elements  of  the  curve  intersect  at  the  point  T  =  o.O, 
7?..  =  .36.  The  value  of  7^2  represents  the  optimum  value  of  the 
reflection  for  this  particular  weather  condition  and  will  be  desig- 
nated by  the  symlx)l  O,. 
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Another  complete  set  of  data  is  given  in  Table  II.  The 
value  of  Jf  in  this  curve  is  much  higher  than  in  the  previous  case, 
and  not  constant  for  the  entire  set. 

Table  II. 

Date:    November  22,  1917,  2.30  to  3.30  p.m. 
Weather:     Cloudy,  heavy  cloud  banks,  not  uniform. 
Station:  l. 


odel  B 
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The  data  from  Table  II.  are  plotted  in  Fig.  8,  Curve  2.     In 
this  case  it  will  l>e  noted  that  for  only  one  visibility  value  is  the 
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sign  of  the  first  derivative  ^  positive,  indicating  that  only  one 
of  the  models  used  has  a  siifficently  high  reflection  factor  to  give 
a  greater  brightness  than  that  of  the  sky  background.  Since  there 
is  only  one  point  on  the  element  of  positive  slope,  that  element  is 
indeterminative  in  position,  but  knowing  that  it  should  cut  the 
element  of  negative  slope  at  a  point  near  the  axis  of  V  -  O,  its 
approximate  position  can  be  represented  by  the  broken  line  in  the 
figure.  Thus  the  optimum  value  O,-,  of  the  reflection  factor  in  the 
case  must  be  approximately  .65,  which  value  agrees  fairly  well 
with  the  weather  coefficient  at  the  time  the  readings  on  models 
F  2,  12  and  3  were  made. 

The  observations  on  this  set  of  models  extended  over  a  con- 
siderable period  of  time,  one  to  four  complete  sets  of  observations 
being  made  each  day.  In  all,  a  total  of  about  forty  sets  were  made. 
It  will  be  impossible  to  give  in  detail  the  data  obtained,  hence, 
summarizations  will  be  presented  from  which  the  necessary  con- 
clusions may  be  drawn. 

It  was  pointed  out  in  connection  with  the  data  presented  in 
Tables  I.  and  II.  that  the  values  of  Or,  the  optimum  reflection 
factor,  agreed  fairly  w^ell  with  the  weather  coefficient.  Theory 
indicates  that  this  should  occur.  The  data  will  first  be  sum- 
marized in  such  a  way  as  to  show  the  experimental  verification 
of  this  point. 

In  Table  III.  are  presented  the  results  of  ten  sets  of  data  on 
the  nine  black  to  white  models,  F  2  to  F  6.  Immediately  under 
each  model  number  is  placed  the  reflection  factor  value  for  that 
model.  In  column  W  are  the  values  of  the  weather  coefficient  for 
each  set  and  in  column  Or,  the  values  of  the  optimum  reflection 
factor  as  determined  by  interpolation  from  the  plotted  curv^es. 


Table 

III. 

Set  No. 

F  2 

F12 

Fi 

F13 

F4 

F14 

F  $ 

Fxi 

F6 

W 

Or 
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In  Fig^.  9  aiid  10  are  plotted  the  data  fronil  Table  III.,  the 
numlier  attached  to  each  curve  l>eing  that  of  the  set  of  data  used 
in  obtaining  it.  A  careful  consideration  of  these  curves  reveals 
several  interesting-  facts.  It  will  be  noticed  that  in  general  the 
value  of  ['at  which  the  positive  and  negative  elements  of  a  given 
cur\-e  intersect  is  not  zero.  This  means  that  there  is  no  value  of 
R.,  which  results  in  complete  invisibility.  This  is  due  to  the  fact 
that  a  color  contrast  existed  between  the  models  and  the  sky 
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background,  resulting  in  a  residual  visibility.     Therefore,  a  pure 
gray  cannot  be  expected  to  give  the  minimum  visibility. 

The  cun^es  plotted  in  these  Figs.  9  and  10  are  of  the  same 
type  as  the  theoretical  curves  representing  F  as  a  function  or  R^.. 
Now.  in  computing  the  values  from  which  theoretical  curves 
representing  V  -  fiR-j)  were  plotted  a  value  oik=  1.02  was  taken. 
This  gave  for  the  point  from  which  the  elements  of  negative 
slope  diverge,  the  point.  F  =  o,  X  =  +5o,  and  F  =  o,  X  =  -5o  as 
the  origin  of  the  elements  of  positive  slope.  Now  in  Figs.  9  and 
10  it  will  be  noted  that  the  elements  of  negative  slope  converge 
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to  a  common  point,  V  =  o,  X  -  +25.  By  using  this  value  in  Equa- 
tion 6  and  solving  for  k,  a  value  of  ^  =  1.04  is  obtained.  This 
indicates  the  value  of  ^  =  1.02  was  too  low  for  the  conditions  that 
exist  in  the  operation  of  the  visibility-meter.  In  order  to  com- 
pare experimental  results  with  the  theoretical  requirements,  this 
indicates  that  a  value  of  ^  =  1.04  should  be  used  in  computing  the 
theoretical  curves.  It  will  be  noted  that  the  agreement  between 
W  and  Or  is  in  general  quite  good  and  the  agreement  between 
the  means  of  the  ten  sets  (Table  III.)  very  good. 

Fig.  10. 
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Additional  data  on  the  agreement  between  /['  and  O,  are  given 
in  Table  IV.  The  values  of  0.-  were  obtained  in  the  same  way 
as  those  in  Table  III.,  i.e.,  by  interpolation  from  curv-es,  V  = 
f{R2),  plotted  as  illustrated  in  Figs.  9  and  10.  I^^xamination  of 
the  data  in  Tables  III.  and  IV.  shows  that  for  low  values  of  W , 
Or  is  usually  too  low,  while  for  high  values  of  W ,  Or  is,  in  general, 
too  high.  The  agreement  between  the  two  for  intertncdiate 
values  {W  -  .dfO  to  .60)  is  quite  good.  In  order  to  show  this 
relation  in  graphic  form  the  curves  in  Fig.  1 1  were  plotted.  The- 
oretically the  curve,  IV  =  f(Or),  .should  be  a  straight  line  at  45° 


Oct..  1910.I 


Protectivk  Coloration. 


513 


to  tlie  iLxis  of  reference.  Curve  i.  The  positions  of  the  points 
plotted  from  tlie  data  in  Tables  III.  and  IV.  are  indicated  by  the 
small  circles.  The  most  probable  position  of  the  experimental 
curve  (IV  =  f(Or),  is  the  line  2.  It  will  be  noted  that  the  experi- 
mental curve  is  of  lesser  slope  than  is  indicated  by  theor>%  but  that 
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it  crosses  the  theoretical  curve  at  the  point  W  =  .'^1.  This  dis- 
crepancy between  the  theoretical  and  experimental  curves  has  not 
as  yet  been  accounted  for.  However,  it  is  relatively  small,  espe- 
cially within   intermediate  values,   ^^  =  -35   to    W  =  .6^,   within 
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which  region  the  great  majority  of  the  measured  vahies  oi  IV  are 
found  to  he.  The  data  derived  from  Tables  III.  and  IV'.  are  not 
suitable  for  deciding  upon  the  mean  value  of  W,  since  these  were 
chosen  simply  to  cover  the  entire  range  of  the  observed  values 
oiW. 

The  close  agreement  between  IV  and  R2  called  for  by  theor}' 
for  a  condition  of  low  visibility  has  now  been  verified  by  prac- 
tical measurements.  It  remains,  therefore,  to  establish  the  mean 
value  of  IV  for  the  weather  conditions  under  which  it  is  desired 
to  obtain  a  minimum  visibility.  This  can  be  done  for  the  period 
over  which  the  observations  were  taken  by  carefully  weighting 
and  averaging  the  values  of  IV  obtained.  The  values  of  IV,  with 
a  verbal  statement  of  the  weather  conditions,  are  given  in  Table 
V.  It  will  be  noted  that  the  weather  was  in  general  cloudy. 
Averaging  the  values  of  W,  exclusive  of  the  seventh  value,  which 
is  undoubtedly  very  exceptional,  a  mean  value  of  .43  is  obtained. 
Therefore,  a  boat  having  a  reflecting  power  of  .43  would  on  the 
average  be  less  visible  than  any  other  in  a  sea  area  where  similar 
weather  prevails.      Examinations   of   the  verbal   statements   of 

Table  V. 

Hour  Weather  W 

3.00  P.M.  Uniform  clouds,  medium  density,  showing 38 

3.30  P.M.  Cloudy,  not  uniform,  medium  density, 45 

10.00  A.M.  Fairly    clear,  liglit  white  clouds  over  sun 31 

4.00  P.M.  Cloudy,  uniform  medium  density 48 

3.00  P.M.  Heavy  dark  uniform  clouds  all  over 59 

4.00  P.M.  Sky  covered  with  dark  clouds 46 

Light  streak  above  the  horizon  2.70 

4.30  I'.M.  Dense  uniform  clouds  all  over   80 

2.30  I'.M.  Clear,  light  white  clouds,  local 30 

lo.oo  A.M.  Clear  sky,  light  gray  fog  bank  over  lake 36 

2.30  P.M.  Sky  perfectly  clear,   no   fog 3« 

10.30  A.M.  Clear  light  gray   fog  over  lake 26 

3.30  P.M.  Clear,  no  clouds   22 

4.00  P.M.  Cloudy,  uniform  gray  clouds 45 

0.30  A.M.  Partially  clear,   foggy    50 

4.00  P.M.    Light  clouds,  sun  obscured   48 

g.30  A.M.    Partially  cloudy,  no  sun   5" 

2.00  P.M.    Liglit    veiling  clouds  over  sun 35 

3.00  P.M.   Light  veiling  clouds  over  sun 45 

4.00  P.M.   Light  veiling  clouds  over   sun 53 

Mean    43 


iVt..  1019-1  Protective  Coloration.  515 

weather  show  that  only  hve  of  the  twenty  observations  were 
taken  nnder  clear  conditions,  the  remaining  fifteen  being  for 
cloudy  or  partly  cloudy  weather.  That  is,  75  per  cent,  of  the 
observations  apply  to  cloudy  or  partly  cloudy  conditions. 

Now  a  careful  analysis  of  weather  reports  covering  the  region 
in  which  a  majority  of  the  sinkings  have  been  occurring  shows 
that  70  per  cent,  of  the  days  are  cloudy.  Hence  the  factor  .43 
should  apply  fairly  well  to  the  northern  portion  of  the  danger 
zone,  and  south  of  it  where  there  is  mist.  It  should  be  empha- 
sized, however,  that  in  order  to  establish  a  more  reliable  value  for 
Or.  it  would  be  necessary  to  obtain  precise  and  definite  data  from 
which  t(i  deduce  an  average  value  of  W  for  any  particular  sub- 
marine-infested region  through  which  the  ship  to  be  painted  must 
travel.  This  value  of  IV  should,  of  course,  apply  to  the  time  of 
year  considered.  Even  on  clear  days,  when  the  value  of  IV  is 
low  during  the  middle  of  the  day,  this  value  increases  during  the 
hours  just  after  sunrise  and  before  sundown,  especially  if  there 
be  some  haze  or  mist  in  the  atmosphere.  With  the  data  at 
present  available,  however,  it  seems  that  the  best  average 
value  of  reflection  factor  must  be  between  .40  and  .45  for  the 
region  mentioned. 

It  will  be  noted  from  the  curves  and  data  relating  to  the 
visibility  of  the  series  of  models  F  2  to  F  6  that  the  visibility  never 
reaches  zero  for  any  value  of  IV.  This  is  due  to  the  fact  that 
these  models  were  all  gray,  the  saturation  being  zero  and  the  dom- 
inant hue  indeterminate;  thus  color  difference  always  existed 
l)etween  the  object  and  background,  giving  rise  to  a  residual  vis- 
ibility due  to  color  contrast. 

The  next  step  in  the  work  was  the  determination  of  the  best 
hue  and  saturation  to  give  low  visibility.  The  most  logical  and 
scientific  pn;cedure  for  the  determination  of  these  factors  would 
have  been  to  measure  bv  means  of  a  colorimeter  the  hue  and 
saturation  of  the  sky.  If  such  tueasurements  could  have  l)een 
made  under  all  conditions  of  weather  and  over  a  considerable 
period  of  time,  and  the  results  averaged  for  the  desired  period 
and  weather  conditions,  it  would  have  been  possible  to  make  up 
the  desired  color  directly.  However,  it  was  thought  best  and 
most  expedient  to  obtain  the  desired  information  by  a  method  of 
trial  and  error.  It  was  evident  from  the  direct  visual  observa- 
tions made  over  a  considerable  period  that  the  average  value  of 
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the  dominant  hue  was  situated  in  the  blue-green  region  and  that 
the  saturation  was  on  the  average  quite  low.  Several  models 
were  therefore  made  up  by  painting  with  various  hues  of  blue- 
green  and  of  low  saturation.  They  were  mounted  on  the  rack 
in  the  usual  way  and  observed.  One  model  in  the  group  first 
prepared  was  found  to  be  of  approximately  the  correct  hue,  but 
the  saturation  was  obviously  too  high..  A  second  set  of  models 
was  then  prepared,  using  the  best  hue  as  already  determined,  but 
of  various  saturations.  In  this  way,  by  a  series  of  consecutive 
approximations,  a  hue  and  saturation  were  obtained  which  by 
observation  over  a  considerable  period  and  under  various  condi- 
tions of  the  weather  was  considered  satisfactory.  The  reflection 
of  all  models  used  in  this  work  was  kept  at  the  best  value  of  that 
quantity  as  previously  determined,  namely,  .40  to  .45.  The  color 
of  the  model  F  20,  which  was  proven  to  be  the  best  by  observa- 
tion, was  then  measured  on  the  colorimeter  and  found  to  be  repre- 
sented by  the  specification:  Hue  (wave  length  of  dominant  hue) 
=  488^/x:  Saturation  (per  cent,  white)  =  88  per  cent. 

Table  VI. 


F 

9 

F  20 

«2  = 

.43 

W 

V 

W 

I' 

W 

I- 

•37 

4.0  + 

.40 

1^5  + 

.10 

81.5  + 

•52 

5-0- 

•47 

2^5- 

.20 

27.8  + 

.46 

3-8- 

.70 

lO.O  — 

•25' 

I7-0+ 

■51 

7.5- 

.90 

II-5- 

•30 

9-9  + 

.68 

lO.O  — 

•30 

12.5  + 

■35 

4^6-h 

.48 

i.o  — 

•34 

5^o  + 

.40 

0.9  + 

.87 

15.0- 

•25 

2.5  + 

.414 

0.0 

.76 

14.0  — 

.42 

2-5  + 

+  .0 

0.0 

•30 

20.0+ 

•38 

4-0  + 

•447 

0.0 

•36 

lo.o-j- 

•55 

5^5- 

•50 

2.6- 

.40 

4-0  + 

.42 

0.9  + 

.60 

6.3- 

•25 

35-0  + 

•45 

I.O  — 

.70 

9.0- 

.40 

1.0  + 

•78 

9.0- 

.80 

II.O  — 

.42 

3.0- 

.35 

8.5  + 

.90 

12.6- 

•32 

12.5  + 

•50 

3^o- 

1. 00 

I3^8- 

The  data  on  Model  F9  are  given  in  Table  VL,  column  7^9, 
these  being  the  visibility  values  determined  under  various  weather 
conditions.  In  this  ca.se  the  model  is  constant,  while  \V  varies. 
Hence,  the  data  plotted  as  a  curve  must  be  the  form  of  V=f{\V),2iS 
shown  in  Fig.  12.   The  minimum  visibility  is  2.2  at  R.,=.4\.   The 
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residual  visibility  in  this  case  was  due  to  saturation  contrast.  The 
data  on  model  F  20  are  given  in  column  F  20.  Table  VI.  and  the 
cun-e  plotted  from  them  in  Fig.  13,  Curve  i.  It  will  be  noted  that 
in  this  case  the  minimum  visibility  is  ver)'  low  (0.3)  and  that  this 
occurs  at  R..  =  .43.  In  order  to  determine  how  nearly  the  experi- 
mental cur\-e.  y  =  f{ll"),  for  this  model  agrees  with  the  theoreti- 
cal, the  curve  shown  as  a  dotted  line  and  numl>ered  2  in  Fig.  12 
was  plotted.     The  fact  that  the  minimum  visibility  of  model  F  20. 

Fig.  12. 
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Visibility  test  of  .Model  Fg. 


1.0 


as  shown  by  Curve  1,  l-'ig.  13,  was  practically  zero  shows  that 
the  hue  contrast,  Ch,  and  the  saturation  contrast,  Cs,  between 
model  and  background  must  have  1)een  very  small.  Hence,  the 
curve.  V  =  f(lV),  for  the  model  should  agree  quite  closely  with 
the  theoretical  curve.  V  =  f(lV),  for  brightness  contrast  alone. 
Taking  from  previous  experimental  results  that  R-y  =  .43  (the 
reflection  factor  of  F  20),  solution  of  Equation  12  for  various 
values  of  W  gives  the  data,  Table  VI.,  column  7?,  = -43,  from 
which  Curve  2  was  plotted.  It  will  be  noted  that  the  two  curves 
agree  quite  well  for  the  region  when  W  =  .45  to  .90,  but  that  some 
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difference  occurs  for  lower  values  of  W.  This  is  probably  due  to 
the  presence  of  a  color  contrast  which  existed  only  under  those 
conditions  of  weather  resulting  in  low  values  of  W.  It  is  very 
evident  that  there  will  be  weather  conditions  for  which  the  color 
of  this  model,  F  20,  will  not  be  correct  either  in  hue  or  satura- 
tion, but  from  the  data  available  it  seems  quite  certain  that  this 
specified  color  w'ill  be  best,  from  the  standpoint  of  low  visibility, 
for  any  locality  where  a  large  proportion  of  the  days  are  cloudy 
or  partially  cloudy. 

Fig.  13. 
v-f (w) 
35 


.3  .4  .5  .6  .7  .8 

WLATHER    COEFFICIENT  (W) 

Visibility  test  of  Modi-l  F20. 

It  should  bo  borne  in  mind  that  the  visibility  specifications 
expressed  above  are  based  on  the  following  hypotheses: 

(i)  Background  compo.sed  entirely  of  sky  immediately  ad- 
jacent to  horizon  line. 

(2)  Predominating  weather  condition  entirely  or  partially 
cloudy,  IV  =  .40  to  .45. 

(3)  Visible  surfaces  of  object  uniformly  illuminated  by 
natural  light,  that  is,  sunlight  more  or  less  diffused  by  clouds. 

(4)  If  the  surfaces  are  such  that  the  value  of  R  depends 
upon  the  conditions  of  illumination  and  the  direction  of  observa- 
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lion,  the  value  of  A'  referred  to  in  the  specifications  above  is  that 
particular  value  obtained  by  measurement  under  the  existing  con- 
ditions of  illumination  and  from  the  direction  of  the  specified 
point  of  observation. 

The  first  hypothesis  represents  the  condition  existing  in  prac- 
ticallv  every  case  of  the  observation  of  a  surface  craft  from  a 
submarine.  The  second  conforms  with  the  conditions  in  a  large 
and  most  hazardous  part  of  the  present  submarine  danger-zone. 
This  conclusion  is  based  upon  a  careful  summary  of  all  the  avail- 
able data  relating  to  the  weather  of  these  regions.  The  third 
assumption  does  not  hold  at  all  for  an  object  of  such  structural 
peculiarities  as  a  ship.  The  portion  of  the  sky  forming  the  back- 
ground in  most  cases  is  of  such  small,  solid  angular  dimensions 
that  it  is  usually  uniform  in  brightness,  hue  and  saturation. 
Hence,  for  low  visibility  the  boat  should  also  be  uniform  in  bright- 
ness and  color  as  obser^-ed  from  the  specified  point.  For  every 
visible  surface  element,  therefore,  the  valiie  of  B  must  be  the 
same.  Xow,  B-ER,  hence,  if  E  varies  from  point  to  point,  R 
must  vary  also,  and  inversely,  in  order  to  keep  B  constant.  It  will 
be  necessary,  then,  to  so  vary  the  reflecting  power  of  the  paint 
applied  to  the  areas  where  the  illumination  is  too  high  or  too  low. 
so  that  the  brightness  of  all  visible  surfaces  shall  be  as  nearly 
^uniform  as  possible  when  viewed  from  the  specified  point  of 
observation.  A  good  approximation  to  the  fourth  assumption  is 
obtained  by  the  use  of  a  matt  paint.  However,  since  no  paint 
gives  absolutely  matt  surface,  it  may  be  necessary  to  reduce  the 
reflecting  power  of  these  surfaces  that  are  so  inclined  to  the  line 
of  sight  as  to  give  specular  reflection  in  the  direction  of  that  line. 
The  treatment  of  a  given  structure  required  to  obtain  the  desired 
result  necessitates  the  careful  study  of  the  individual  structure 
and  of  the  position,  shape  and  relative  intensity  of  the  high  lights 
and  shadows  under  the  lighting  conditions  for  which  it  is  desired 
to  obtain  low  visibility.  This  treatment  should  be  such  that  the 
projected  effect,  that  is,  the  apparent,  brightness,  hue  and  satura- 
tion, as  measured  from  the  specified  point  of  observation,  shall 
he  equivalent  to  that  of  a  perpendicular  surface  (exposed  to  the 
full  illumination  of  the  natural  existing  conditions)  uniform  in 
reflection  factor,  hue  and  saturation. 

In  order  to  determine  the  relative  merits  of  the  camouflage 
.•schemes  proposed  by  various  individuals  and  firms  for  the  pro- 
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tection  of  surface  craft  from  attacks  by  submarines,  a  large  num- 
ber of  visibility  measurements  were  made.  The  models  used 
were  of  the  standard  profile  type,  and  were  prepared  by  the 
various  parties  advocating  the  use  of  these  systems  of 
protective  coloration. 

The  principles  upon  which  these  various  systems  are  based 
vary  greatly  from  group  to  group,  but  for  the  purposes  of  this 
discussion  they  will  be  divided  into  two  general  classes :  ( i ) 
those  in  which  the  size  of  the  individual  unit  employed  in  carry- 
ing out  the  color  scheme  is  below  the  resolving  power  of  the  eye 
when  at  a  distance  of  6000  yards,  (2)  those  in  which  the  size  of 
unit  is  above  the  resolving  power  of  the  eye  at  a  distance  of  6000 
yards.  In  case  of  the  first  class,  no  matter  what  the  shape  or  color 
of  the  units  used,  the  model  as  observed  from  Station  i  appeared 
of  a  uniform  brightness,  color  and  saturation  when  the  pattern 
used  was  regular.  In  case  the  pattern  was  irregular,  certain 
variation  in  general  tone  could  be  detected,  but  no  units  were 
visible  as  such.  This  system  of  coloration  is  based  upon  the 
assumption  that  a  surface  so  painted  will  be  less  visible  than  a 
surface  painted  with  a  solid  color  of  the  same  reflecting  power, 
hue  and  saturation  as  results  from  the  blending,  due  to  loss  of 
resolution,  of  the  units  in  a  broken  color  system.  From  the 
physical  standpoint  there  seems  to  lie  no  support  for  such  an 
assumption ;  but  it  was  considered  advisable  to  make  a  large  num- 
ber of  measurements  in  order  to  prove  or  disprove  its  validity. 
This  system  is  sometimes  referred  to  as  "  vibration,''  or  "  scintil- 
lation "  system,  although  the  exact  sense  of  these  words  used  in 
this  connection  is  not  entirely  clear.  The  models  designated  by 
the  letters  A,  D,  E  and  H  fall  into  this  classification,  allhnu<ili  it 
should  be  remembered  that  such  classification  is  not  at  all  rigid. 

A  large  number  of  readings  were  made  on  the  models  of  these 
various  groups,  but  it  does  not  seem  desirable  to  present  all  of 
these  data  at  this  time.  However,  in  order  to  com|)are  directly 
the  merits  of  these  different  systems  of  coloration,  a  summary  of 
data  is  made  in  Table  VII.  The  data  arc  tabulated  in  columns 
designated  as  follows : 

Model  No.  =The  identification  number. 

IFjij      =The  value  of  weather  coeflicient  for  which  visibility  is  minimuni. 

V ,,^       =  Minimum  visibility. 

V .„       =Visibility  of  the  model  when  IF   "  .43. 
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r,        =Average  visibility  for  the  range  IV  =  {K^+  .10  to  IV  =  W^,.  —  .10. 

Color  =  Verbal  indication  of  whether  the  model  was  painted  with  a  solid 
or  broken  color  scheme. 

Unit  ""Designation  of  the  size  of  unit  employed  in  case  a  broken 
color  system  was  used.  "  Small  "  indicates  that  the  units  were 
below  the  resolving  power  of  the  eye  when  the  model  was  at 
a  distance  equivalent  to  6000  yards.  "  Large  "  indicates  that 
the  units  were  above  the  resolving  power  of  the  eye  at  that 
distance.  In  the  case  of  Model  Gi  the  units  were  large, 
but  due  to  the  very  low  contrast  between  units  they  were 
not  visible  at  the  specified  distance.  Hence  this  model 
to  all  intents  and  purposes  should  be  regarded  as 
belonging  either  to  the  solid  color  class  or  to  the  small 
unit,  broken  color  group. 

Table  VII. 


Model  No. 

»■« 

^'m 

y  A3 

\\. 

Color 

Units 

F    12 

•51 

1.2  =t 

5-6^ 

3.0 

Solid 

f     3 

.42 

1.4  =i= 

2.6- 

4-3 

Solid 

f  13 

.35 

1.6=*= 

5^5- 

7.0 

Solid 

F     4 

•31 

13=*= 

9.0- 

10.5 

Solid 

F    9 

•41 

2.2  =»= 

3-0- 

6.1 

Solid 

F  20 

.43 

0.3* 

0.3=^ 

3-2 

Solid 

/?43 

•43 

0.0  =t 

0.0 

2.0 

Solid 

A     5 

.38 

i^5* 

4-7- 

5-3 

Broken 

Small 

B    3 

.31 

3^o=*= 

7.0- 

7.8 

Broken 

Large 

C     I 

•32 

3^o* 

7^5- 

8.6 

Solid 

D     I 

•49 

2.0=*= 

7-2  + 

5^2 

Broken 

Small 

E     I 

•49 

4.2  =t 

7^5  + 

6.6 

Broken 

Small 

G     I 

•30 

I.0=fc 

lO.O  — 

7.8 

Broken 

Large 

H    I 

■30 

3.0=*= 

95- 

10.5 

Broken 

Small 

Now,  in  discussing  the  data  given  in  Table  VII.,  it  is  desired 
to  emphasize- the  significance  of  the  term  Vx.  It  was  suggested  in 
support  of  the  small  unit  system  of  broken  color  that  although 
such  a  method  of  painting  might  not  produce  a  lower  minimum 
value  of  visibility,  possibly  the  average  visibility  for  a  fairly  large 
variation  in  the  weather  coefficient  might  be  less  than  in  case  of 
a  solid  color.  This  possibility  is  based  upon  the  assumption  that 
the  mean  reflecting  power,  hue  and  saturation  of  a  surface  cov- 
ered with  a  series  of  small  colored  patches  will,  when  subject  to 
a  given  variation  in  the  intensity  and  quality  of  the  incident  light. 
change  according  to  laws  other  than  those  governing  the  change 
in  reflection  factor,  hue  and  saturation  of  a  solid  color  when  sub- 
ject to  the  same  variation  in  the  illumination.  In  order  to  test 
the  validity  of  such  an  assumption,  the  value  of  Vx  was  computed 
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for  the  various  models.  Since  the  position  of  minimum  visibihty 
is  not  the  same  for  all  models,  no  fixed  range  of  IV  values  could 
be  used  for  a  comparison  upon  this  point.  It  was  necessary,  there- 
fore, to  consider  a  given  range  of  [F  values  above  and  below  IVm 
for  each  individual  model.  The  data  obtained  indicate  that  the 
broken  color  systems  show  no  advantage  over  the  solid  colors.  A 
considerable  variation  in  the  /  ./  values  does  occur,  but  it  will  be 
noted  that  this  is  a  function  of  ]Vm  and  not  of  the  solid  or  broken 
characteristics  of  the  color  scheme.  A  consideration  of  the 
theoretical  curves  shows  that  ['^  should  vary  according  to  some 
inverse  function  of  R2. 

Fig.  14. 


Phcjtographsof  a  Hcrzog  Moilcl. 

In  order  to  test  the  relative  merits  of  the  broken  and  solid 
color  systems,  models  of  exactly  the  same  mean  reflecting  power, 
hue  and  saturation,  should  be  compared.  No  models  precisely 
filling  these  requirements  were  found  among  those  used,  niunbers 
F  20  and  A  5  being  those  that  most  nearly  approach  these  con- 
ditions. It  will  be  noted  that  F  20,  solid  color,  shows  a  lower 
average  visibility  than  A  5.  The  difference  between  the  two 
values  is  not  great  and  is  due  partially  to  the  fact  that  Wm  is 
higher  for  F  20,  and  partially  to  the  lower  color  contrast  between 
model  and  background  in  case  of  F  20.  The  conclusions  to  l^e 
drawn  are,  therefore,  that  visibility  is  a  function  of  mean  reflect- 
ing power,  hue  and  saturation,  and  that  nothing  is  cither  gained  or 
lost  by  the  use  of  a  system  of  broken  colors. 
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While  it  is  not  considered  necessary  to  give  in  detail  all  of  the 
data  on  which  the  above  conclusions  were  based  it  may  be  of 
interest  lo  present  some  c^f  this  data,  together  with  tihe  curves 
plotted  therefrom,  and  photographs  of  the  models  upon  which  the 
observations  were  made.  This  will  serve  to  give  the  reader  some 
idea  of  the  type  of  models  examined  and  the  shape  of  the  curves 
obtained  by  plotting  visibility  as  a  function  of  "  w'eather  coeffi- 
cient." In  Table  \TI.  are  given  the  data  on  models  A  5,  D  i, 
E  I .  and  77  i . 

Fig.  15. 
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The  data  on  the  model  A  5  (Herzog  system)  shown  in  Fig.  14, 
are  given  in  column  A  5,  Table  VII.,  and  the  curve,  V  =  f{lV), 
is  plotted  in  Fig.  15.  It  will  be  noted  that  the  minimum  value  of 
visibility  occurs  at  the  point,  V=  1.5,  W  =  .;^8.  The  mean  effec- 
tive reflection  factor  is,  therefore,  equal  to  .38,  which  is  too  lovv^ 
for  the  average  value  of  W  (.43)  previously  determined.  The 
curve  is  of  the  same  general  type  as  those  obtained  from  the 
models  of  solid  color  (the  F  group),  and  shows  no  superiority  in 
any  respect.  The  hue  and  saturation  of  this  group  of  models 
compared  quite  satisfactorily  with  the  last  model  of  the  F  ^roup, 
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F  20.  The  dominant  hue  was,  in  general,  too  far  toward  the  red 
end  of  the  spectrum,  although  this  was  not  true  for  all  models  of 
the  group. 

Model  D  I  (Pleuthner)  is  shown  in  Fig.  16.  The  pattern  was 
rather  irregular  and  blended  completely  at  6000  yards  into  a 
uniform  brightness,  hue  and  saturation.  The  resultant  hue  was 
yellow  and  of  fairly  high  saturation.  The  reflection  factor  was 
also  high.  The  data  are  given  in  Column  D  i.  Table  VII..  and 
the  resulting  V  =  f(lV)  curv^e  in  Fig.  17.  The  minimum  visibility 
occurs  at  the  point  V  =  2.0.  IV  =  .49.     It  is  evident  that  the  mean 

Fig.   16. 


Photograph  of  the  Pleuthner  Model. 

ellcciive  reflecting  power  was  loo  higii.  The  wave  length  of  the 
dominant  hue  was  too  low  and  the  saturation  too  high.  The  high 
value  of  minimum  visibility  is  due  to  a  combination  of  hue  and 
saturation  contrast. 

Model  E  I  (Gomez)  is  shown  in  Fig.  18.  This  model  was 
painted  with  horizontal  stripings,  blending  gradually  one  into  the 
other,  the  average  reflecting  power  increasing  from  the  water  line 
upward.  The  intention  evidently  was  to  imitate  the  horizontal 
stratification  of  clouds  sometimes  observed  just  alxive  the  horizon. 
The  angular  dimensions  of  these  stripes  were  entirely  too  small 
at  a  distance  of  6000  yards  to  simulate  any  natural  stratification 
ever  observed  by  the  writer.  In  fact,  at  the  distance  mentioned, 
the  striping  was  not  visible  at  all.  the  blended  effect  being  of  a 
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gradual  diminution  in  brightness  upward  from  the  water  line. 
The  data  are  given  in  Column  E  i,  Table  VII.,  and  the  curve, 
/'  =  /(  W  ).  in  Fig.  19.    The  minimum  value  of  visibility  occurs  at 


Fig.  18. 


Photograph  of  the  Gomez  Model. 
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V  -  4.^,  /F  =  .49.  The  mean  effective  reflection  factor  was  too 
high,  the  .saturation  satisfactory  and  the  wave  length  of  the  domi- 
nant hue  too  low,  the  mean  hue  l>eing  yellowish. 

Model  J I  I  (Patterson-Sargent  Company),  shown  in  Fig.  20, 
was  painted  with  wavy  diagonal  stripes  inclined  at  an  angle  of 

,  Fig.  20. 


i  holographs  of  ilie  I'at  Icrson-SaiKiiil  Coinpaiiy  Mode 
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45"  to  the  water  line.  The  colors  used  were  of  hij^h  saturation 
anil  low  reflecting^  power.  These  stripes  were  not  visible  at  6000 
yards,  equivalent  viewino-  distance.  The  data  are  given  in  Col- 
umn H  I.  Table  VII..  and  the  curve  is  shown  in  Fig.  21.  Mini- 
mum visibility  occurs  at  f '  =  t,.2,  11'  =  .30.  It  is  evident,  therefore, 
that  the  mean  effective  reflection  factor  is  much  too  low.  The 
hue  was  rather  indeterminate  and  the  saturation  very  low.  The 
few  curves  that   have  liecn   shown   will   serve  to   illustrate  the 
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type  01  data  obtained,  the  method  of  interpretation  and  the  con- 
clusions drawn  from  an  examination  of  the  visibility-weather 
coefficient  relation. 

The  United  States  Xavy  Department  placed  at  the  disposal  of 
the  Submarine  Defense  Association  the  U.  S.  S.  Gem  for  its  in- 
vestigations. The  vessel  was  painted  Omega  gray  on  one  side,  the 
color  which  our  experiments  indicated  was  the  best  for  low  visi- 
bility in  the  northern  portion  of  the  danger  zone.  To  confirm 
these  conclu.sions,  several  observations  of  the  U.  S.  S.  Gem  for 


Visibility 

Distance 

..    2.8    .... 

.  .    500  yds, 

.  .       .1     .  .  .  . 

. .   800  yds. 

..   1.8  .... 

. .   500  yds, 
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visibility  were  taken  at  sea  off  New  London.     The  following-  are 
two  records : 

(i)   Observation  Station  on  the  deck  of  a  submarine.    (Long  Island  Sound  off 
New  London.) 

Time:  10.30  a.m. 
Date-'  March  10,  191 8. 
Weather:  Very  foggy. 

n  (Sky 
Direction  Side  Brightness) 

N  Starboard  1450  m.  1. 

5  Starboard  1450  m.  1. 

A^  Port  1450  m.  1. 

5  Port   1450  m.  1 1    800  yds. 

(2)   Observation  Station  on  the  south  side  of  Fisher's  Island. 

Time:  2.15  to  3.20  p.m. 

Date:  March  5,  1918. 

Weather:  Brilliant  white  haze  lying  close  to  surface  of  water.  Sun  over- 
cast with  thin  white  clouds.  Sun  visible  and  casting  fairly  strong 
shadows. 

B  (Sky 
Brightness)  Visibility        Distance 

Observation  at  2.15  p.m.  to  S.  W.  .  .   6280  m.  1 1.5   ....  1500  yds. 

S 4750  m.  1 45 .  •  ■ .  1500  yds. 

S.  E 3600  m.  1 2   .  .  .  .  1500  yds. 

Less  fog  over  the  water : 

Observation  at  2.53  p.m.  to  S 3750  m.  1 2.5   ....  1500  yds. 

Observation  at  3.20  p.m.  to  S.  W.  . .   4120  m.  1 4.3   ....  1500  yds. 

Beyond  about  3000  yards  the  vessel  could  not  be  located  even  with 

binoculars. 

CONCLUSIONS   ON   LOW    VISIBILITY   COLORATION. 

In  summarizing  this  study,  the  following  points  should  be 
emphasized.     The  experimental  obser\'ations  show  that : 

(a)  Broken  color  systems  employing  contrasting  units  so 
large  as  to  be  visible  as  units  at  the  distance  considered  are 
objectionable.  The  contrast  between  ju.xtaposed  units  or 
l)etween  some  of  the  units  and  the  sky  background  tends  to 
increase  visibility. 

(6)  Broken  color  systems  employing  units  so  sinall  as  to  be 
invisible  as  such  at  the  distances  considered  arc  neither  advan- 
tageous or  detrimental.  The  visibility  in  such  cases  depends 
entirely  upon  the  mean  effective  reflection  factor,  hue  and  satura- 
tion  of   the   surface,   resulting    from   the    reflection    factor,   hue 
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and  saturation  of  the  surface,  resultin"-  from  the  blending  of 
the  units  of  the  design  into  an  apparent  uniformity  at  the 
distances  considered. 

(c)   A  sohd  color  system  produces  low  visibility  when 

/?,  =  W, 
and  ■S",  =  5"„ 

//,  =  //,. 

(J)  The  average  visibility.  I'x,  for  a  given  variation  in  IV, 
varies  according  to  some  inverse  function  of  i?2  5  the  greater  the 
value  of  R.  the  less  the  magnitude  of  Vx. 

(e)  For  a  weather  condition  which  is  considered  to  be  rep- 
resentative of  the  average  condition  in  the  northern  portion  of 
danger  zone,  where  the  weather  is  70  per  cent,  cloudy  or  there  is 
mist,  the  lowest  visibility  is  given  by  a  surface  having  the  fol- 
lowing specifications : 

Hue                     Saturation          Reflection  Factor 
Omega   (oj)   Gray 488  MM 88  per  cent W  =  .43 

(f)  For  a  weather  condition  which  is  considered  to  be  repre- 
sentative of  the  average  condition  in  the  southern  portion  of  the 
danger  zone  when  the  weather  is  40  per  cent,  to  50  per  cent, 
cloudy  and  there  is  no  mist,  the  lowest  visibility  is  given  a  paint 
by  the  following  specifications  : 

Hue  Saturation  Reflection  Factor 

Psi  (4')   Gray. ...  478  MM  ....  88  per  cent W  =  .35 

DECEPTIVE   COLORATION. 

Considering  now  the  second  sulxli vision  of  protective  colora- 
tion as  a  means  of  defense  against  submarines,  it  is  evident  that 
a  problem  of  quite  dififerent  type  confronts  the  investigator.  This 
problem  appears  to  be  less  amenable  to  exact  scientific  treatinent 
than  that  of  low  visibility,  at  least  being  less  physical  and  more 
psychological  in  nature.  It  is  quite  evident  that,  if  any  deceptive 
effect  is  to  be  produced  the  elements  of  the  design  employed  must 
present  relatively  great  contrasts  either  in  brightness  or  color  and 
must  be  of  sufficient  size  as  to  be  visible  at  the  distances  at  which 
it  is  desired  the  deception  shall  become  operative.  If  such  contrast 
exists,  some  of  the  elements  of  the  pattern  must  present  a  marked 
contrast  with  the  sky  background  as  well  as  with  the  contiguous 
units  of  the  design.    This  being  the  case,  such  elements  must  be 
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distinctly  visib.e  as  such,  thus  betraying  the  presence  of  some  ob- 
ject not  naturally  a  part  of  the  sea  or  sky.  No  matter  how  gro- 
tesque the  sha[)e  or  color  of  such  elements,  it  seems  almost  certain 
that  any  intelligent  submarine  commander  observing  them  and 
knowing  that  ships  are  being  protectively  colored  would  interpret 
them  as  indicating  the  presence  of  a  ship  of  some  kind.  It  is, 
therefore,  certain  that  such  coloration  is  directly  antagonistic  to 
the  production  of  low  visibility,  thus  decreasing  the  probabilities 
of  a  ship  escaping  detection  and  increasing  the  chances  of  an 
attack  being  made. 

It  does  not  appear  that  anything  is  to  be  gained  by  painting 
a  ship  to  look  like  any  object  other  than  a  ship  or  so  as  to  make 
it  appear  merely  as  a  grotesque  shape.  Any  plan  of  deceptive 
coloration  to  be  effective  must  operate  in  such  a  way  as  to  pro- 
duce some  definite  efifect  such  as  to  confuse  or  mislead  the  sul> 
marine  commander  in  the  measurements  or  estimates  upon  which 
his  subsequent  actions  in  making  the  attack  are  based.  Thus, 
any  deception  regarding  the  speed,  course  or  range  of  the  craft 
to  be  attacked  resulting  from  the  scheme  of  deceptive  coloration 
employed  will  tend  to  increase  the  probabilities  of  the  failure 
of  the  attack. 

A  large  number  of  optical  illusions  have  been  collected  from 
the  psychological  literature  and  examined  from  the  standpoint 
of  applicability  to  the  production  of  deception  under  the  condi- 
tions existing  in  this  problem.  Having  considered  the  methods  of 
observation  used  by  the  submarine  commander  and  the  nature  of 
the  apparatus  at  his  disposal  for  obtaining  these  observ^ations,  it 
seems  that  the  only  type  of  illusions  offering  any  possibility  of 
advantageous  use  in  connection  with  this  problem  are  those  based 
upon  the  principle  that  a  deception  regarding  the  course  of  the 
vessel  so  painted  might  be  produced. 

Since  deceptive  coloration  requires  the  visibility  of  pattern 
to  accomplish  its  o1)ject,  and  low  visibility  coloration  require.s 
uniformity  in  order  to  match  the  .sky  background,  it  is  evident  that 
in  general  the  two  methods  are  directly  antagonistic.  In  .spite  of 
this,  it  is  possible  to  reconcile  the  two  systems  and  to  devise  a  sy.s- 
tem  of  f)rotective  coloration  based  upon  the  principle  of  both 
"  low  visibility  "  and  "  deceptive  "  coloration.  This  possibility  is 
due  to  the  fact  that  the  eye  fails  to  resolve  the  images  of  objects 
when  such  objects  subtend  very  small  visual  angles.     It  is  due  to 
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ihis  fact  that  a  surface  covered  with  a  pattern  made  up  of  units 
contrasting  either  in  brightness  or  color  or  both  appears  as  a 
surface  uniform  in  brightness  and  color  when  viewed  at  a  suf- 
ficiently great  distance.  The  resolving  power  of  the  eye  or  of 
any  optical  instrument  depends  upon  the  aperture  ratio  of  the 
system.  Assuming  a  pupillarj'  diameter  of  4.0  mm.,  the  resolving 
power  of  the  eye  expressed  in  terms  of  visual  angle  is  approxi- 
mately 30"  of  arc.  This,  in  tenus  of  linear  dimensions,  corre- 
sponds to  a  distance  of  .15  mm.  at  one  metre  or  10  inches  (24 
cm.)  at  one  mile  ("  Outlines  of  Applied  Optics,"  P.  G.  Nutting, 
p.  65).  These  values  apply  to  conditions  of  very  great  contrast 
between  object  and  background  and  in  case  contrast  is  low  the 
visual  angle  for  resolution  is  probably  somewhat  larger. 

By  taking  advantage  of  this  failure  of  the  eye  to  clearly 
resolve  objects  of  small  visual  angle,  a  design  may  be  constructed 
consisting  of  contrasting  elements  which  will  be  invisble  at  any 
desired  distance.  The  distance  at  which  these  elements  of  design 
are  just  below  the  resolving  power  of  the  eye  may  be  termed  the 
"  blending  "  distance.  A  surface  on  which  such  a  design  exists 
will,  at  distances  greater  than  the  blending  distance,  appear  to  be 
uniform  in  brightness  and  color,  while  at  distances  less  than  that 
the  pattern  will  be  clearly  visible.  Now^  by  properly  adjusting 
the  brightness,  color  and  relative  sizes  of  the  units  of  any  such 
design,  the  surface  may  be  made  to  appear,  when  viewed  from 
beyond  the  blending  distance,  as  a  uniformly  colored  surface  of 
the  proper  brightness  and  color  to  give  minimum  visibility,  while 
at  closer  range  the  elements  of  the  design  will  be  visible  and  may 
be  so  arranged  as  to  produce  a  decentive  effect. 

Two  colors  have  been  worked  out  which,  when  applied  to 
equal  areas  of  anv  surface,  will,  w^hen  viewed  at  distances  greater 
than  the  blending  distance  of  the  pattern,  result  in  the  low  visibil- 
ity color,  that  is.  the  Omega  (  oj  ^  gray.  The  two  components  of 
this  pair  of  colors  are  given  by  the  following  specifications : 

Name  Hue  Saturation  Reflection  Factor 

(i)  Blue    474/tA/A   95  per  cent,  white 59 

(2)   White   554/A/A   78  per  cent,  white   26 

It  should  be  emphasized  that  these  two  colors  must  be  applied 
to  equal  areas  of  the  surface  considered  if  it  is  to  produce  the  co 
gray  h>eyond  the  blending  distance,  at  which  the  transition  from 
the  deceptive  design  to  low  visibility  color  occurs. 
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In  order  to  produce  the  Psi  (  0  )  gray,  which  gives  low  visi- 
bihty  in  regions  where  the  average  value  of  W  is  .35,  another  pair 
of  colors  was  established,  being  specified  as  follows: 

Name  Hue  Saturation  Reflection  Factor 

( 1 )  Blue 476MM   51   per  cent,  white   11 

(2)  White  484/i,^   95  per  cent,  white   56 

These  colors  also  must  be  applied  to  equal  areas  of  the  surface 
considered  if  it  is  desired  to  produce  the  ^  gray  at  or  beyond  the 
blending  distance.  The  size  of  the  units  of  the  design  must  be 
adjusted  to  the  proper  size  in  order  to  obtain  the  desired  value  of 
blending  distance.  It  is  the  writer's  opinion  that  the  most  effec- 
tive type  of  protective  coloration  will  eventually  be  found  to 
embody  some  such  combination  of  the  two  general  types. 

In  closing  this  paper  no  attempt  to  present  a  complete  sum- 
mary will  l)e  made,  although  it  may  be  well  to  recall  a  few  of  the 
most  important  points.  The  subject  of  protective  coloration 
quite  naturally  divides  itself  into  two  main  divisions:  "  low  visi- 
bility "  coloration  and  "  deceptive  "  coloration.  These  in  gen- 
eral are  antagonistic  in  principle. 

The  subject  of  low  visibility  has  been  quite  thoroughly 
treated  lx)th  from  the  theoretical  and  practical  points  of  view. 
An  instrument  for  the  measurement  and  numerical  specification 
of  the  visibility  of  an  object  under  any  condition  of  lighting  has 
been  devised  and  constructed.  A  large  number  of  measurements 
of  the  visibility  of  profile  models  under  conditions  of  natural 
lighting  have  been  made.  As  a  result  of  this  work,  two  colors 
designed  to  give  minimum  visibility  in  different  parts  of  the 
danger  zone  have  l)een  develo])e(l  and  specified.  For  that  part 
of  the  zone  where  70  per  cent,  of  the  days  are  cloudy  or  par- 
tially so,  the  color  designated  as  oj  (Omega)  gray  will  give  mini- 
mnin  average  visibility,  while  for  that  region  where  40  per  cent, 
of  the  days  are  cloudy  or  partially  so  the  color  designated  as  (/> 
(  Psi  )  grav  will  give  the  best  results.  In  order  to  obtain  the  lowest 
])ossi1)le  visibility  the  boat  should  be  so  painted  that  from  the 
desired  point  of  observation  tlu-  projected  effect  is  equivalent  to 
flat  surface  conforming  to  the  above  specifications.  This  necessi- 
tates certain  modifications  of  structural  details  as  well  as  the 
modification  in  the  constitution  of  the  paint  ai)i)lie(l  to  various 
])arts  of  the  structure  in  order  to  eliminate  regions  of  shadow 
nnd  h\iih  liirht. 
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The  fK^ssibility  of  combining  the  two  general  systems,  of 
protective  coloration,  low  visibility  and  deceptive  coloration,  is 
pointed  out  and  two  pairs  of  colors  suitable  for  such  use  are  speci- 
fied. In  general,  it  is  concluded  that  the  probability  of  a  filter 
being  found  to  obviate  the  effect  of  the  protective  scheme  is  much 
greater  in  case  of  deceptive  patterns  composed  of  units  exhibiting 
high  saturation  and  hue  contrast  than  in  the  case  of  low  visibility 
coloration  or  of  deceptive  designs  employing  units  of  low  sat- 
uration contrast. 

In  closing,  the  author  wishes  to  acknowledge  his  indebtedness 
to  Mr.  Lindon  W.  Bates  of  the  Submarine  Defense  Association 
(under  whose  auspices  this  work  was  carried  out)  for  his  coopera- 
tion and  encouragement  given  so  freely  throughout  the  course  of 
the  work,  and  also  to  Dr.  C.  E.  K.  Mees,  Director  of  the  Research 
Laboratory  of  the  Eastman  Kodak  Company,  for  his  many  help- 
ful suggestions,  and  to  Mr.  Prentice  Reeves,  also  of  this  Labora- 
tory, for  his  able  assistance  in  carrying  out  the  experimental  part 
of  the  work. 

Rochester.  N.  Y. 
May  I,  1919. 


The  Magnesite  Industry  in  the  United  States. — Magnesite 
(Magnesium  Carbonate)  is  largely  employed  in  the  steel  indus- 
tries, and  the  United  States  is  the  largest  consumer,  taking  about 
50  per  cent,  of  the  world's  output.  Before  the  war  fully  90  per  cent, 
of  this  was  imported,  the  bulk  coming  from  Austria-Hungary, 
and  the  balance  from  the  Grecian  quarries.  With  the  outbreak 
of  the  war  the  Austrian  supplies  were  at  once  cut  off,  and  after 
1916  those  from  Greece  were  seriously  curtailed.  In  1917,  the 
domestic  consumption  was  over  355,000  tons  valued  at  more  than 
$3,700,000,  and  nearly  90  per  cent,  of  this  was  obtained  within  the 
United  States.  A  great  new  industry  was  developed  in  the  State 
of  Washington,  while  the  California  industry  was  very  much  ex- 
panded. A  magnesite  industry  sprang  up  in  Quebec,  and  although 
the  product  was  inferior  in  quality  to  that  produced  in  the  United 
States,  yet  the  nearness  to  the  great  eastern  manufacturers  made 
this  source  competitive.  The  chief  handicap  to  the  western  mag- 
nesite industries  is  the  long  railroad  haul,  competing  with  cheaper 
ocean  carriage.  The  American  magnesite  is  purer  than  the 
Austrian,  the  latter  having  a  notable  iron  content,  but  this  im- 
purity is  somewhat  of  an  advantage  in  the  steel  industries.  This 
objection,  however,  has  been  satisfactorily  overcome  by  adding  a 
small  amount  of  an   iron   compound  to  the   American   product. 
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The  restoration  of  shipping  conditions  will  bring  about  a  formid- 
able competition  with  the  American  products,  and  while  some  of 
the  magnesite  from  Venezuela  may  compete  with  the  European 
output,  yet  the  latter,  especially  the  Austrian,  will  dominate  the 
market  if  anything  like  pre-war  prices  prevail.  Under  these  con- 
ditions the  western  output  would  be  limited  to  the  market  west 
of  the  Mississippi.  The  precise  line  of  contact  will  depend  on 
several  conditions,  but  the  concentration  of  the  steel  industries 
regions  east  of  the  Mississippi  will  give  great  advantage  to  the 
foreign  producer. 

The  question,  therefore,  becomes  of  considerable  difficulty 
when  the  tariff  problem  is  brought  in,  and  data  upon  the  subject 
have  been  collected  by  the  United  States  Tarifif  Commission,  and 
printed  as  a  bulletin  of  information,  from  which  publication  the 
above  data  are  taken.  H.  L. 

Mineral   Production   of   the   United   States   in    1918.      (U.   S. 

Geological  Survey  Pi-ess  Bulletin  A^o.  422.) — The  total  value  of  the 
minerals  produced  was  about  $5,526,000,000,  more  than  half  a  bil- 
lion dollars  in  excess  of  the  value  recorded  for  1917,  but  the  total 
quantity  produced  was  less.  The  output  of  fuels  was  greater  than  in 
191 7,  though  somewhat  less  anthracite  coal  was  marketed.  The  in- 
crease in  the  quantity  of  coal  marketed  was  about  5  per  cent.,  but 
the  increase  in  value,  due  to  higher  prices,  was  more  than  17  per 
cent.  It  is  significant  that  though  the  increase  in  the  quantity  of 
petroleum  marketed  was  only  a  little  more  than  4  per  cent,  the  in- 
crease in  value  was  over  32  per  cent. 

The  value  of  the  metals  produced  was  about  3  per  cent,  greater 
in  1918  than  in  1917.  The  figures  show  that  less  iron  ore  and 
steel  were  produced,  but  here  again  values  were  higher.  A  little 
more  pig  iron  was  made,  though  the  quantity  shipped  was  less. 
Copper  and  zinc  not  only  in  themselves  but  as  the  components  of 
brass  are  perhaps  next  in  imi^ortance  to  iron  in  the  world's  indus- 
try to-day,  and  in  1918  they  stood  high  on  the  list  of  war  metals. 
A  little  more  copper  but  less  zinc  was  produced,  and  the  values  of 
both  were  lower,  that  of  zinc  falling  about  25  per  cent.  The  output 
of  the  war  metals  manganese  and  chromite,  used  in  hardening  steel, 
was  greater  than  in  any  preceding  year.  Chromite  increased  88  per 
cent,  in  quantity  and  275  per  cent,  in  value  over  19 17,  and  the  in- 
creases in  manganese  ore  were  136  and  100  per  cent.,  respectively. 
Less  gold  and  silver  were  mined  than  for  many  years.  Though 
the  price  of  silver  rose  from  81  cents  an  ounce  in  1917  to  nearly  97 
cents  in  1918,  the  increase  was  not  enough  to  cover  the  increased 
cost  of  mining. 

The  output  of  building  material — clay  products,  building 
stone,  cement,  lime,  gypsum — showed  a  great  decline. 

The  domestic  production  of  potash  in  1918  was  54,000  tons,  an 
increase  of  68  per  cent,  over  the  output  in  1917. 
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Construction  Department,  Washington  Navy  Yar<!. 

To  meet  tlie  war-time  needs  of  the  Navy  for  an  air  speed 
indicator  for  dirigibles,  a  speed  nozzle  was  developed  having  the 
following  required  characteristics :  water-proofness,  accuracy  in 
veering  winds,  and  pressure  intensity  to  admit  of  a  rugged 
aneroid  gauge.  The  development  took  two  forms,  both  based 
on  the  well-known  double-throat  venturi,  but  made  waterproof  by 
shielding  the  smaller  inner  venturi  from  the  direct  impact 
of  drops  or  spray.  The  first,  being  too  heavy,  was  abandoned 
after  field  trial,  in  favor  of  the  second  which  was  lighter  and 
easier  to  make. 

PART    I. 

Figures  i  and  2  show  the  construction  of  the  first  instrument. 
In  principle  it  consists  of  a  double-throat  venturi  provided  with 

Fig.  I. 


1 


Hooded  two-throat  venturi  No.   i. 


a  dry  air  reservoir  and  flues  leading  therefrom  to  the  interior  of 
the  smaller  hooded  venturi  as  shown. 

The  air  rushing  into  the  rectangular  openings  in  the  base  of 
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the  instrument  comes  almost  to  rest  and  generates  nearly  full 
impact  pressure,  while  any  water  drops  it  may  contain  strike 
the  rear  wall,  trickle  down  and  nm  out  the  lower  slot.  Suitable 
baffle  plates  prevent  any  stray  drops  from  reaching  the  flues.  The 
dry  air  passing  through  these  spacious  flues  enters  the  smaller 
cone  of  the  interior  venturi  in  symmetrical  flow  from  opposite 
sides,  and  emerges  rearward  in  the  usual  manner  just  at  the 
throat  of  the  larger  surrounding  venturi.     Direct  influx  of  the 

Fig.  2. 
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Plans  for  hooded  two-throat  venturi  No.  i. 


outer  air  into  the  smaller  venturi  is  prevented  by  the  stream-line 
hood  shown  protruding  from  the  front.  The  large  outer  venturi 
is  made  in  alx3ut  the  same  proportions  as  an  ordinary  one,  the 
throat  area  \yeing  a]I:)0ut  one-fourth  that  of  the  intake  opening. 
The  interior  venturi  also  is  made  of  the  same  j)rojwrtions  as  an 
ordinary  one.  The  impact  pressure  is  collected  from  a  nipple 
extending  into  the  reservoir  behind  the  baflle  as  shown.;  A  tube 
leading  from  the  throat  of  the  smaller  venturi  collects  the  suc- 
tion.    The  base  of  the  instrument  is  provided  with  lugs  for  at- 
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tachment    to  a    pole    protrmliiii;-    from    the    car    or    rigging-   of 
the  dirigible. 

Figures  3  and  4  give  the  results  of  the  wind  tunnel  tests; 
the  first  showing  the  dilYerential  pressure  in  terms  of  the  wind 
speed;  the  second  showing  the  fluctuation  of  the  readings'  with 
variations  of  the  wind  direction  in  pitch  and  yaw. 

Fig.  ?.. 
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Calibration  diagram  for  hooded  two-throat  venturi. 
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Figure  3  shows  that  the  total  differential  pressure  is  8.9 
inches  of  water  at  50  knots  speed,  and  increases  as  the  power 
2.22  of  the  velocity.  On  the  same  diagram  is  shown  the  calibra- 
tion curve  for  the  Xavy's  standard  single-throat  venturi,  whose 
readings  increase  as  the  square  of  the  velocity.  At  the  proposed 
dirigible  speeds  of  20  to  50  knots,  the  readings  of  the  single- 
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throat  instrument  averages  about  20  per  cent,  higher  than  those 
of  the  double-throat  instrument.  The  latter  could  doubtless  be 
made  to  read  much  higher  than  the  single  throater  byi  suitably 
designing  the  flues ;  but  this  desideratum  has  been  attained  more 
simply  in  the  second  type  mentioned. 

Figure  4  presents  the  pressures  in  both  the  impact  and  suction 
nozzles — also  their  resultant  pressure — for  the  various  incidences 
in  pitch  and  yaw.     The  resultant  pressure  diagram  indicates  a 

Fig.  4. 


Change  of  reading  with  change  of  wind  direction,  of  hooded  venturi  No.   i 

variation  of  about  ^  per  cent,  from  the  mean  reading,  as  the 
incidence  varies  7°  in  pitch  and  yaw  positive.  Since  the  instru- 
ment is  symmetrical  in  both  vertical  and  horizontal  planes 
through  its  axis  the  .same  readings  should  obtain  for  negative 
incidences.  The  lower  dotted  lines  in  the  diagram  indicate  the 
impact  pressure  in  the  cistern,  which  is  very  approximately  equal 
to  pv^/2.  This  taken  from  the  total  pressure  differences  gives 
the  suction  shown  also  by  the  dotted  line. 

When  this  first  type  of  double-throat   instrument   was  used 
on  the  school  dirigible  at  Akron  in  July,   if)'/,  together  with  a 


Oct..  1919.]      Air  Speed  Indicators  for  Dirigibles. 


539 


Foxboro  pressure  gauge,  it  was  found  to  give  sufficiently  strong 
and  uniform  readings.  But  its  manufacture  was  not  recom- 
mended; first.  l)ecause  the  instrument  was  unnecessarily  heavy; 
secondly,  because  it  was  expensive  to  make ;  thirdly,  it  was  diffi- 
cult to  build  sufficiently  uniform  to  give  the  same  results  in  dif- 
ferent instruments;  lastly,  it  was  superseded  by  a  lighter  and 
more  powerful  instuuuent. 

PART  II. 

Figures  5  and  6  show  the  construction  of  the  second  instru- 
ment.   In  principle  it  consists  of  an  ordinary  double-throat  ven- 

FiG.  5. 


Hooded  two-throat  Venturi  No.  2. 


turi  reversed  in  direction,  its  smaller  end  inserted  in  a  dry  air 
cistern,  its  larger  end  capped  with  a  tee-tube  which  serves  both 
to  increase  the  suction  and  to  shield  the  venturi  from  rain. 

The  wind  driving  into  the  rectangular  slot  of  the  cistern 
strikes  against  a  wire  screen  designed  to  remove  the  rain  drops; 
thence  passes  upward  and  f  orw^ard  through  the  regular  venturi ; 
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thence  into  the  tee-pipe  where  it  divides  right  and  left,  finally 
emerging  from  rectangular  slots  at  the  rear  thereof. 

Figure  6  presents  the  calibration  curve  of  this  instrument  for 
all  speeds  from  20  to  70  M.P.H.;  also  that  of  the  Navy's 
standard  die-cast  single-throat  venturi.  for  comparison.     In  both, 


Fig.  6. 
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Plan  and  calibration  line  of  hooded  venturi  No.  2. 

the  resultant  i)ressure  difference  varies  directly  as  the  sciuare  of 
the  velocity  at  all  available  speeds  of  the  wind  tunnel.  At  lOO 
knots  the  i)ressure  difference  is  41  inches  of  water  for  the  single- 
throat  instrument;  70  for  the  (hnible-throat  instrument  with  a 
rain-shield.  Without  the  rain-shield  the  latter  reading  becomes 
78,  or  nearly  twice  that  for  the  single-throat  instrument. 

Figure  7  presents  the  resultant  pressure  dift'erence  at  all  in- 
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cidences  in  yaw  from  o""  to  40    positive ;  and  the  same  may  be 
expected   for  nej2:ative  incidences.  o\vin<^  to  symmetry ;  also  the 

Fig.  7. 


Change  of  reading  with  change  of  wind  direction,  of  hooded  venturi  No.  2. 

Fig.  8. 
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pressure  differences  for  variations  in  pitch  through  io°  up  and 
down.     The  yaw  curv^e  shows  practically  no  variation  in  reading 
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for  changes  of  incidence  from  o°  to  io°  ;  the  pitch  curve  shows 
an  increase  of  pressure  difference  above  the  zero  of  sHghtly 
over  one  per  cent,  as  the  nose  of  the  instrument  is  canted  up  7°, 
and  a  decrease  of  4  per  cent,  as  the  nose  of  the  instrument  is 
canted  downward.  This  latter  variation  is  doubtless  due  to  the 
blanketing  of  the  rectangular  slot  of  the  cistern,  and  might  l^e 

Fig.  9. 
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obviated  by  lowering  the  slot.  The  dotted  line  giving  the  impact 
pressure  in  the  cistern  bears  out  this  latter  statement,  since  it  in- 
dicates constant  impact  for  all  angles  in  pitch  except  when  the 
no.se  of  the  instrument  is  pointed  downward  3°  or  more.  Obvi- 
ously a  falling  of  the  impact  pressure  entails  loss  of  velocity 
through  the  venturi  throat,  and  hence  a  loss  of  suction. 

I-'igure  8  presents  the  suction  readings  of  the  tee-cap  when 
placed  alone  in  the  wind  tunnel,  as  shown  in  the  sketch.     This 
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diagram  corrolx^rates  the  results  published  by  Doctors  Finzi  and 
Soldati  in  1902  in  their  pamphlet  "  Ksperimenti  sulla  Dinamica 
dei  Fluidi."  in  which  they  show  that  the  pressure  distribution 
over  the  rear  surface  of  a  cylinder  held  squarely  across  the  wind 
is  approximately  constant.  They  gave  no  readings,  however,  for 
a  cylinder  held  oblique  to  the  wind. 

Figure  9  presents  the  data  of   Finzi  and   Soldati;  Fig.    10 

Fig.  10. 
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the  data  obtained  in  this  research ;  for  the  pressure  distribution 
over  a  meridian  circle  of  a  cylinder  held  squarely  across  the  wind, 
as  in  the  sketches. 

The  data  of  Fig.  9  were  obtained  with  a  cylinder  25  cm.  long 
by  48  mm.  diameter,  held  with  the  perforation  facing  first 
directly  into  the  wind,  then  at  various  angles  away  from  the 
wind  all  the  way  to  180°.  The  pressure  is  seen  to  be  approxi- 
mately constant  over  the  rear  portion  of  the  cylinder  to  a  distance 
of  about  90°  on  either  side  of  the  exact  rear. 
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Fig.  lo  shows  a  still  more  exactly  constant  pressure  over  all 
the  rear  portion  of  the  cylinder  lying-  within  about  80^  on  either 
side  of  the  exact  rear.  The  tube  employed  in  this  experiment  was 
12  inches  long  by  ^^  inch  diameter,  having  a  one  millimetre 
opening  for  collection  of  the  pressure. 

A  few  of  these  speed  nozzles  were  placed  on  dirigibles 
and  kite-balloons  during  the  war,  and  were  found  to  give 
satisfactory   service. 

War  Materials,  Nitrogen  Fixation  and  Sodium  Cyanide. — 
Under  this  title  the  Department  of  the  Interior,  Bureau  of  Mines, 
has  published  a  bulletin  giving  brief  accounts  of  the  efforts  of 
the  United  States  authorities  to  supply  from  domestic  sources 
those  raw  materials  that  are  needed  for  the  great  industries,  espe- 
cially the  war  industries,  and  for  which  in  pre-war  times  we  had 
been  largely,  and  in  some  cases  almost  w^holly,  dependent  on  im- 
portations. The  difficulty  consisted  not  merely  in  the  shutting 
off  of  the  supply  from  the  countries  at  war,  but  the  shortness  of 
tonnage,  and  the  need  of  it  for  transportation  of  troops  and  sup- 
plies, still  further  emphasized  the  importance  of  domestic  sources. 
Among  the  raw^  materials  that  were  especially  the  subject  of  these 
efforts  are  manganese,  graphite,  tin,  mercury,  potash,  tungsten, 
molybdenum,  antimony,  chromite,  magnesite,  mica,  platinum  and 
arsenic.  The  work  in  regard  to  some  of  these  has  been  consid- 
ered in  this  Journal,  but  several  other  items  may  be  briefly  discussed. 

Acts  of  Congress  constituting  commissions  and  boards  of 
experts  were  passed  and  many  eminent  engineers  and  chemists 
undertook  investigations  for  deposits  of  the  minerals  from  which 
the  important  products  might  be  obtained.  Studies  were  also 
made  in  regard  to  the  several  processes  of  nitrogen  fixation.  The 
l)ulletin  in  hand  is  a  preliminary  report;  in  fact,  is  merely  an 
advance  chapter  from  Bulletin  178  of  the  TUu-eau  of  Alines. 

One  ])(jint  of  interest  is  worth}'  of  special  notice,  namely,  that 
the  simi)le  process  of  P)Ucher  for  the  production  of  sodium  cxrinide 
has  been  shown  to  be  practicable  on  the  large  scale. 

In  this  connection  notice  should  be  given  of  the  success  of 
methods  devised  by  L.  S.  Potsdamer  for  recovering  xaluable  ma- 
terials from  gas-mass  ;  that  is,  the  mixture  of  ferric  hydroxide  and 
wood  chips  used  for  ])urifying  illuminating  gas.  This  accumulates 
a  number  of  by-products,  among  which  are  tar.  sulphur,  thio- 
cyanides,  ammonium  salts,  ferro-  and  ferricyanides,  double  am- 
monium cyanides.  Potsdamer  devised  a  plan  of  recovering  these 
substances  and  reviving  the  gas-mass  so  that  it  coidd  be  returned 
to  the  purifiers.  The  details  of  the  methods  will  be  found  in 
Jour.  lud.  Iliu/.  Chcin.,  vol.  \i,  ]).  /U),  i<;i<). 

H.  L. 


EXPERIMENTS  ON  SO-CALLED  "ROOT-BEERS."* 


BY 

CHARLES  H.  LaWALL,  Ph.M.,  AND  HENRY  LEFFMANN,  M.D., 

Members  of  the  Institute. 

The  adoptiDii  of  drastic  prohibitor}-  methods  in  the  United 
States  has  led  to  considerable  discussion  as  to  the  relation  be- 
t\veen  the  alcohol  content  of  standard  beers  and  the  household 
products  such  as  "  root-l)eer,"  "  spruce-beer  "  and  "  mead."  In 
judg^ing  of  these  latter  forms  it  must  be  borne  in  mind  that  they 
are  never  used  for  true  intoxication,  but  for  their  effervescent 
properties  and  the  special  flavors.  The  forms  sold  already 
bottled  or  drawn  from  fountains  and  used  immediately  are  non- 
alcoholic, but  the  household  production  of  an  effervescing  bev- 
erage can  best  be  conducted  by  the  fermentation  of  ordinary 
sugar  with  yeast.  If  such  a  mixture  be  made  and  kept  at  room 
temperature  for  a  few  days  in  an  open  vessel  a  notable  amount 
of  alcohol  will  l^e  produced,  but  the  lic^uid  will  be  quite  unfit  for 
beverage  purposes.  To  secure  the  effervescence  the  fermenting 
liquid  must  be  bottled  soon  after  the  fermentation  starts.  As  a 
rule  the  alcohol  does  not  go  above  i  per  cent,  after  five  or  six 
days  of  fermentation  under  pressure.  Statements  in  conflict  with 
this  having  been  made  lately  in  connection  with  discussions  of 
the  bearing  of  the  prohibition  acts,  we  have  deemed  it  v/orth 
while  to  repeat  some  experiments  made  by  us  some  time  ago,  and 
submit  figures.  The  alcohol  was  determined  after  distillation 
by  the  immersion  refractometer,  the  reducing  sugar  gravimetri- 
cally  by  Fehling's  solution.  Polarimetric  readings  were  also 
made.  The  mixture  was  made  up  in  accordance  with  the  di- 
rections given  for  one  of  the  best  known  root-beers.  The  bottles 
were  filled  to  within  a  small  distance  of  the  cork,  and  kept  at 
room  temperature  during  the  -latter  part  of  July.  The  figures 
were  obtained  as  follows  : 

Reducing      Alcohol  by 

suprar  volume  Effervescence 

When  mixed  0.20  none  none 

After  24  hours  "j.j  0.20  very  slight 

After  3  days   6.9  0.39  slight 

After  5  days 5.9  0.82  marked 

After  8  days  5.2  1.18  marked 

*  Communicated  by  the  Authors. 
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The  polarimetric  readings  were  irregular  and  showed  fluctu- 
ations in  which  the  minus  readings  increased  while  the  reducing 
sugar  decreased,  due  doubtless  to  the  fact  that  the  dextrose  is 
more  readily  fermented  by  ordinary  yeasts  than  levulose.  A 
second  series  resulted  as  follows : 

Reducing  Alcohol  by 

sugar  volume 

When  mixed    o.  19  none 

In  24  hours  8.8  0.20 

In  3  days  8.0  0.49 

Ins  days   7.1  0.79 

In  8  days  6.5  i.io 

This  series  was  kept  at  room  temperature  for  three  days  then 
placed  in  a  uniformly  cool  place  (40^  to  50°  F. )  for  the  re- 
mainder of  the  time. 

No  appreciable  alcohol  was  obtained  if  the  sample  was  placed 
in  a  cool  room  (40°  to  50°  F. )  three  hours  after  bottling,  while 
the  fermentation  seemed  to  be  active.  The  action  seemed  to  be 
promptly  checked,  the  alcohol  not  rising  above  0.35  per  cent, 
and  the  effervescence  so  slight  as  to  make  the  product  of 
little  palatability. 

These  experiments, which  agree  with  those  obtained  previously 
by  us,  indicate  that  when  the  product  has  attained  sufficient 
sparkle  to  be  agreeable,  the  alcohol  ranges  from  0.4  per  cent,  to 
0.8  per  cent,  by  volume.  If  the  fermentation  is  allowed  to  go  until 
more  than  1.25  per  cent,  of  alcohol  is  formed  the  liquid  becomes 
unpalatable  from  the  diminution  of  the  sugar  and  the  in- 
crease of  yeast. 

It  also  seems  that  in  well-corked  bottles  the  fermentation  will 
not  proceed  so  far  as  to  produce  2  per  cent,  of  alcohol  by  volume. 


NOTES  FROM  THE  U.  S.  BUREAU  OF  STANDARDS 


PHOTOELECTRIC    SPECTROPHOTOMETRY    BY    THE    NULL 

METHOD.' 

By  K.  S.  Gibson. 

[ailstkact.J 

Ix  connection  with  the  color  standardization  work  of  the 
National  Bureau  of  Standards  -  it  is  desired  to  have  available  a 
number  of  independent  methods  of  making  spectrophotometric 
determinations,  especially  in  the  visible  part  of  the  spectrum; 
for  it  is  generally  admitted  that  the  fundamental  basis  of  color 
specification  is  spectrophotometry.  To  supplement  the  other 
methods  at  present  in  use  at  the  Bureau  and  especially  to  over- 
come the  well-known  uncertainty  of  measurements  by  these  other 
methods  in  the  blue  and  violet,  the  author  in  191 7  was  given  the 
problem  of  developing  a  method  for  accurate  and  convenient 
photoelectric  spectrophotometry  suitable  for  routine  determina- 
tions. This  was  especially  desirable  for  the  measurement  of 
spectral  transmission.  The  sensitive  potassium-hydride  photo- 
electric cells  now  on  the  market  (made  by  Kunz)  when  used 
with  an  incandescent  lamp  and  a  glass  dispersing  prism,  give  a 
maximum  response  usually  near  460  millimicrons,  and  are  thus 
very  suitable  for  the  purpose.  The  making  and  assembling  of 
apparatus  was  completed  in  April,  1918;  and  since  that  time  it 
has  been  in  continual  use,  being  very  satisfactory'  as  to  speed  of 
operation,  ease  of  keeping  in  working  condition,  and  accuracy 
of  measurement. 

In  the  null  method  as  used,  two  photoelectric,  cells  and  the 
proper  batteries  are  connected  in  a  sort  of  Wheatstone  bridge 
arrangement, '"^  with  the  electrometer  as  the  indicator.  Radiant 
energy-  from  a  600-watt  Mazda  C  moving-picture  lamp,  after  dis- 

*  Cormnunicated  by  the  Director. 
'  Scientific  Paper  No.  349. 

'  I.  G.  Priest,  "  The  Work  of  the  National  Bureau  of  Standards  on  the 
Establishment  of  Color  Standards  and  Methods  of  Color  Specifications." 
Trans.  I.  E.  S..  xiii,  p.  38,  1918. 

*  F.  K.  Richtmyer,  Fhys.  Rev..  (2)  vi,  p.  66,  1915. 
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persion  through  a  Hilger  constant  deviation  spectrometer,  is 
incident  upon  one  of  the  photoelectric  cells.  Radiant  energy 
from  a  14- watt  Mazda  C  lamp  is  incident  on  the  other  photo- 
electric cell.  The  photoelectric  currents  generated  in  the  two 
cells  by  the  radiant  energy  from  the  two  lamps  tend  to  nullify 
each  other  so  far  as  charging  the  electrometer  is  concerned;  and 
by  proper  adjustments,  the  tw^o  currents  may  be  made  exactly 
equal,  the  zero  motion  of  the  spot  of  light  from  the  electrometer 
indicating  the  balanced  condition. 

Measurements  of  the  spectral  transmission  of  a  specimen  are 
made  by  observing  at  any  desired  wave  length  the  distances  of 
the  600-watt  lamp  from  the  spectrometer  slit  necessary  to  obtain 
a  balance  of  the  electrometer  with  and  without  the  specimen  in 
position,  all  other  factors  such  as  slit  widths,  currents,  etc.,  being- 
kept  constant.  The  ratio  of  the  squares  of  these  two  distances 
respectively  is  the  transmission.  By  this  use  of  the  null  method 
all  errors  are  eliminated,  as  well  as  the  necessity  of  any  kind  of 
calibration,  in  connection  with  the  relation  between  photoelectric 
current  and  incident  radiant  power,  with  the  dark  cur- 
rents through  the  photoelectric  cells,  and  with  electrometer 
deflection  methods. 

The  accuracy  has  l^en  tested  in  various  ways,  chief  of  which 
are  the  measurements  of  rotating  sectors  of  known  transmission 
and  comparisons  with  values  obtained  by  other  methods. 
It  is  considered  that  the  uncertainties  of  values  obtained  from 
410  to  550  millimicrons,  inclusive,  are  not  greater  than  o.oi  for 
any  values  of  transmission  between  o.oo  and  i.oo  and  not  greater 
than  0.003  for  transmissions  l^etween  0.00  and  0.10.  Beyond 
these  wave  lengths  just  given,  as  far  as  390  and  600  millimicrons, 
inclusive,  the  uncertainties  of  measurement  are  not  greatly  in- 
creased, being  at  390  and  600  not  mc^re  than  twice  as  great  as 
throughout  the  better  range.  Measurements  can  be  made  from 
380  to  650  millimicrons. 

The  apparatus  has  also  been  used  for  the  measurement  of 
spectral  diffuse  reflection  relative  to  that  of  a  standard  such  as 
magnesium  carbonate,  and  is  adapted  to  the  measurement  of  the 
relative  distribution  of  radiant  power  of  two  sources,  to  the 
measurement  of  fluorescence,  and  to  extension  into  the  ultra- 
violet if  (|uartz  parts  instead  of  glass  were  use  1. 
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USE  OF  A  MODIFIED  ROSENHAIN  FURNACE  FOR  THERMAL 

ANALYSIS.^ 

By  H.  Scott  and  J.  R.  Freeman,  Jr. 
[abstr.\ct.] 

Rosen HAiN  in  1915  piil)lished  a  description  of  a  furnace  for 
the  thermal  analysis  of  metals  operating  under  a  new  principle. 
Instead  oi  varying  the  temperature  of  the  furnace  containing  the 
specimen  under  investigation,  he  heated  the  furnace  so  as  to  pro- 
duce a  uniform  temj)erature  gradient  along  its  length  and  moved 
the  specimen  through  the  furnace.  The  present  paper  describes 
in  detail  some  improvements  in  the  design  of  his  furnace  and 
considers  certain  features  of  its  operation.  A  simple  method 
of  mounting  is  described  which  gives  highly  satisfactory  results 
using  specimens  of  less  than  2  grams  weight. 


THE  HEAT  TREATMENT  OF  DURALUMIN.' 

By  P.  D.  Merica,  R.  G.  Waltenberg,  and  H.  Scott. 

[abstract.] 

The  heat  treatment  of  alloys  of  the  type,  duralumin,  was 
investigated  and  the  effect  observed  of  variations  in  the  heat 
treating  conditions,  such  as  quenching  temperature,  temperature 
of  quenching  bath  and  of  aging  or  tempering,  and  time  of  aging 
upon  the  mechanical  properties. 

Conclusions  are  drawn  relative  to  the  best  conditions  for 
commercial  heat  treating  practice  for  this  alloy.  The  tempera- 
ture of  quenching  should  not  be  above  that  of  the  CuAla 
aluminum  eutectic,  which  is  usually  about  520°  C,  but  should 
be  as  near  to  this  as  possible  without  danger  of  eutectic  melting. 
The  pieces  should  l>e  held  at  this  temperature  from  10  to  20 
minutes  and  quenched  preferably  in  lx)iling  water.  The  hardening 
may  for  most  purposes  best  be  produced  by  aging  for  about 
5  days  at  100''  C. 

A  theory  of  the  mechanism  of  hardening  of  duralumin 
during  aging  after  quenching  from  higher  temperatures  was  de- 

*  Scientific  Paper  No.  348. 

*  Scientific  Paper  No.  347. 
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veloped  which  is  based  upon  the  decreasing  sokibility  of  the  com- 
pound CuAlg  in  sohd  solution  in  ahiminum  with  decreasing  tem- 
peratures from  520°  to  ordinary'  temperatures.  It  is  beheved 
that  the  precipitation  of  excess  CUAI2,  which  is  suppressed  by 
quenching,  proceeds  during  aging,  the  precipitation  taking  place 
in  very  highly  dispersed  form.  The  hardening  is  due  to  the 
formation  of  this  highly  dispersed  precipitate. 

According  to  this  theory  the  hardening  of  duralumin  during 
aging  or  tempering  after  quenching  presents  a  very  close  analogy 
with  that  of  steel,  and  the  evidence  in  support  of  the  theory  is 
of  the  same  nature  and  of  approximately  the  same  competence 
as  that  in  support  of  the  prevailing  theory  of  the  hardening 
of  steel. 


CONSTANT    TEMPERATURE    STILL    HEAD    FOR    LIGHT    OIL 
FRACTIONATION. 

By  Frederick  M.  Washburn. 

[abstract.] 

This  paper  represents  the  results  of  a  brief  search  for  an 
improved  method  for  the  determination  of  benzine,  toluene,  and 
solvent  naphtha  in  light  oil. 

The  three  types  of  methods  generally  in  use  for  the  fraction- 
ation of  light  oil  for  the  determination  of  benzine,  toluene,  and 
solvent  naphtha  are  discussed.  An  apparatus  which  is  an  im- 
provement on  the  dephlegmator  of  the  Wilson  and  Roberts  still 
is  descriljcd.  and  the  details  of  its  operation  are  given.  The  ap- 
paratus is  easily  and  inexpensively  constructed,  and  requires  no 
greater  attention  or  time  than  others  used.  Ivxceptionally  large 
volumes  of  "  pure  "  fractions  are  obtained  which  have  a  very 
small  l3oiling  point  range,  showing  that  they  contain  only  neg- 
ligi])le  amounts  of  impurities.  Almost  all  of  each  of  the  com- 
ponents of  the  mixture  distilled  is  obtained  in  practically  the  pure 
state,  since  the  volumes  of  each  of  the  intcrtnediate  fractions  are 
only  alxnit  1.5  ])er  Cent,  of  the  volume  taken  for  distillation.  The 
composition  of  each  of  the  intermediate  fractions  is  actually  de- 
termined, and  the  error  introduced  bv  tliis  doterniination  is  small. 


'  Technologic  Paper  No.  140. 
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since  it  is  applied  to  only  small  volumes.  The  apparatus  works 
well  on  mixtures  containing  widely  varying  percentages  of  ben- 
zine, toluene,  and  solvent  naphtha. 


KITCHEN  CARD  OF  HOUSEHOLD  WEIGHTS  AND  MEASURES.' 

[abstract.] 

The  tables  of  weights  and  measures  most  useful  for  house- 
hold purpt)scs  are  being  published  on  a  card  designed  to  be  hung 
in  the  kitchen  where  it  can  be  easily  referred  to. 

The  card  contains  tables  of  liquid  measure,  dry  measure, 
avoirdupois  weights,  linear  measure,  square  measure  and  cubic 
measure.  Rules  are  given  for  calculating  the  area  of  the  rec- 
tangle, circle,  and  cylinder  and  the  volumes  of  some  common 
geometrical  figures.  The  approximate  weights  of  many  com- 
modities used  in  the  household  and  particularly  in  the  kitchen, 
are  included. 

NOTICE  REGARDING  BIBLIOGRAPHY  OF  HELIUM 
LITERATURE." 

By  E.  R.  Weaver. 

[abstract.] 

The  year  1918  marks  the  beginning  of  a  new  era  in  the  his- 
tory and  use  of  helium.  Before  that  time  only  a  few  litres  of  the 
gas  had  l^een  collected  and  the  cost  per  litre  was  enormous.  During 
the  war  the  development  of  great  factionating  plants  capable  of 
separating  from  natural  gas  a  sufficient  quantity  of  helium  to 
supply  a  fleet  of  airships  has  aroused  the  keen  interest,  not  only 
of  engineers  and  scientists,  but  also  of  the  general  public  in  the 
unique  properties  of  this  gas. 

A  bibliography  of  the  .scientific  literature  relating  to  helium 
was  prepared  for  use  during  the  war  and  is  now  published  as 
Circular  81  of  the  Bureau  of  Standards.  This  bibliography  will 
serve  as  a  guide  to  the  .suljject  and  stimulate  research  by  pointing 
out  the  sources  of  scientific  data  concerning  helium. 

'  Miscellaneous  Publication  No.  39. 
'  Circular  81. 


552  U.  S.  Bl'reau  of  Standards  Notes.  [J-  ^'- 1- 

Related  papers  are  grouped  tt)gether  in  their  chnjnological 
order,  making  the  bibhography,  in  effect,  a  brief  outHne  history 
of  the  subject. 

REFLECTION  POWER   OF  STELLITE  AND   LACQUERED 

SILVER.^ 

By  W.  W.  Coblentz  and  H.  Kahler. 

[abstr.\ct.] 

It  is  shown  that  the  reflectivity  of  steUite  varies  somewhat  in 
the  visible  spectrum,  depending  upon  the  homogeneity  and  no 
doubt  upon  the  exact  composition  of  the  alloy. 

Data  are  given  on  the  reflecting  power  of  lacquered  silver  mir- 
rors, before  and  after  exposure  to  ultra-violet  light.  It  is  shown 
that  owing  to  photochemical  action  in  the  lacquer,  the  silver  is 
turned  brown  in  color,  thus  reducing  its  reflecting  power. 


THE  LOCATION  OF  FLAWS  IN  RIFLE  BARREL  STEEL  BY 
MAGNETIC  ANALYSIS.  ' 

By  R.  L.  Sanford  and  Wm.  B.  Kouwenhoven. 

[abstract.] 

This  paper  describes  an  investigation  which  was  undertaken 
for  the  purpose  of  determining  whether  an  application  of  mag- 
netic analysis  was  practicable  for  the  detection  of  flaws  in  rifle 
barrel  steel.  By  means  of  apparatus  especially  constructed  for 
the  purpose  a  large  number  of  bars  were  explored  for  magnetic 
uniformity  along  their  length.  In  spite  of  the  fact  that  these  bars 
were  taken  from  material  which  had  prexiously  been  rejected  as 
the  result  of  drilling  tests,  not  one  was  found  which  contained  a 
pipe.  The  results  obtained,  however,  demonstrated  that  the 
method  is  amply  sensitive  to  detect  and  locate  flaws.  l'"urther 
study  is  necessary  to  determine  to  what  degree  the  sensitivity  of 
the  apparatus  should  be  reduced  in  order  not  to  cause  the  rejec- 
tion of  material  which  is  satisfactory  for  all  practical  purposes 
and  also  to  determine  the  type  and  magnitude  of  the  effect  which 

"  Scientific  Paper  No.  342. 
'"  Scientific  I'ai)er  No.  343. 
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will  he  produced  by  a  pipe.  For  this  reason  the  work  is  being 
continued  by  the  Winchester  Repeating  Arms  Company  who 
cooperated  in  the  investigation  and  at  whose  plant  the  apparatus 
has  been  installed. 

MEASUREMENTS  OF  WAVE  LENGTHS  IN  THE  SPECTRA  OF 
KRYPTON  AND  XENON." 

By  Paul  W.  Merrill. 

l.\BSTK.\CT.J 

This  paper  records  photographic  measurements  of  wave 
lengths  in  the  spectra  of  krypton  and  xenon,  principally  in  the 
red  and  infra-red.  In  krypton  37  new  lines  were  measured  be- 
tween 6576  A  and  8928  A,  in  xenon  52  lines  between  6318  A 
and  9162  A.  In  this  region  there  are  numerous  strong  lines  which 
are  probably  among  the  most  important  in  the  spectra  of  these 
elements.  Notable  among  these  are  xenon  lines  at  8231  and 
8280.  These  and  other  lines  may  be  of  value  as  wave-length 
standards  in  the  infra-red. 

.Attention  is  called  to  a  probable  analogy  between  the  spectra 
of  the  rare  gases  neon,  argon,  krypton,  and  xenon  which  this 
investigation  has  brought  to  light. 


I 


RECOMMENDED    SPECIFICATION    FOR    LINSEED    OIL,    RAW, 
REFINED  AND  BOILED.'^ 

[abstr.\ct.] 

Pkepared  and  recommended  by  the  U.  S.  Interdepartmental 
Committee  on  Standardizing  Paint  Specifications,  April  16,  1919. 
This  Committee  was  appointed  at  the  suggestion  of  the  Secre- 
tary of  Commerce  and  consisted  of  representatives  of  the  War, 
Navy.  Agriculture.  Interior,  Post  Office,  Treasury,  and  Com- 
merce Departments,  the  Railroad  Administration,  the  Panama 
Canal,  and  the  War  Serv'ice  Committee  of  the  Paint  Manufac- 
turers' Association  of  the  United  States.  The  Committee  sub- 
mitted a  preliminary  draft  of  this  specification  to>  more  than  300 

"  Scientific  Paper  No.  345. 

"  Circular  82. 
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representatives  of  the  paint  and  varnish  industries,  inckiding  all 
of  the  large  manufacturers  of  linseed  oil,  and  gave  careful  con- 
sideration to  the  large  number  of  replies  received  in  time. 


OXYGEN  CONTENT  BY  THE  LEDEBUR  METHOD  OF  ACID 
BESSEMER  STEELS  DEOXIDIZED  IN  VARIOUS  WAYS." 

By  J.  R.  Cain  and  Earl  Pettijohn. 

[abstract.] 

It  is  shown  that  the  Ledebur  method  for  determining  oxygen 
in  steels  indicates  no  marked  difference  in  oxygen  contents  of 
steels  practically  identical  as  to  chemical  composition  and  heat 
treatment,  but  made  by  different  deoxidation  treatments.  Some 
differences  in  physical  properties  of  such  steels  are  shown. 


THE    BEHAVIOR    OF    WROUGHT    MANGANESE    BRONZE    EX- 
POSED TO  CORROSION,  WHILE  UNDER  TENSILE  STRESS." 

By  P.  D.  Merica  and  R.  W.  Woodward. 

[aHSTRAC  T.  1 

Specimens  of  wrought  manganese  bronze  rods  were  exposed 
in  special  steel  test  frames  to  corrosion  in  water  and  moist  air 
while  at  the  same  time  under  tensile  stress  with  the  object  of 
determining  the  maximum  safe  stresses  for  this  material  under 
these  conditions.  While  the  period  of  exposure  was  only  two 
years  and  the  initial  condition  of  the  best  bars  not  normal  in  that 
the  initial  stresses  had  been  removed  by  a  low  tem])erature  anneal, 
the  results  of  the  tests  are  capable  of  some  general  inter])retations. 

None  of  the  test  bars  fractured  within  this  period  under 
stresses  below  the  proportional  limit,  and  four  of  the  bars  with- 
stof)d  corrosion  during  this  period  under  stresses  which  j)ro(luced 
slight  yielding  and  permanent  set  when  first  ai)plied. 

Fracture  did  not  occur  under  stresses  less  than  35,000  pounds 
per  square  inch. 

"  Scientific  Paper  No.  346. 
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One  specimen  witli  a  proportional  limit  of  35.000  pounds  per 
square  inch  fractured  under  a  tensile  stress  of  approximately 
40,000  pounds  per  square  inch,  and  another  with  a  proportional 
limit  of  42,500  pounds  per.square  inch,  under  a  stress  of  approx- 
imately 43,000  pounds  per  square  inch. 


APPLICATION   OF  THE  INTERFEROMETER  TO   GAS 
ANALYSIS."' 

By  Junius  David  Edwards, 

[abstract.] 

One  of  the  most  useful  of  the  physical  methods  applicable  to 
gas  analysis  is  that  of  gas  interferometry.  By  the  application  of 
a  new  method  of  calibration,  previously  described  in  Scientific 
Paper  Xo.  316,  the  use  of  the  gas  interferometer  has  been  simpli- 
fied and  extended.  The  relation  betwen  the  refractivities  of  the 
gases  and  the  indications  of  the  interferometer  is  discussed  for 
various  typical  cases  and  illustrative  calculations  given.  The  de- 
termination of  helium  in  a  mixture  of  gases  is  one  case  of  interest 
which  is  discussed.  It  is  of  importance  because  of  the  scarcity 
of  analytical  methods  for  determining  helium.  Other  cases  dis- 
cussed are  the  efifects  of  variations  in  the  composition  of  air 
where  it  is  a  component  of  mixtures  under  test,  the  analysis  of 
flue  gases,  the  relative  sensitivity  of  the  interferometer  for  dif- 
ferent gases  and  points  about  the  operation  of  the  interferometer. 


EXPERIMENTAL  RETORT  TESTS  OF  ORIENT  COAL.'" 

By  R.  S.  McBride  and  I.  V.  Brumbaugh. 

[abstract.] 

The  Bureau  of  Standards  in  connection  with  coke-oven  in- 
vestigations found  it  desirable  to  carry  out  a  short  series  of 
experimental-retort  tests  of  Illinois  coal  to  determine  the  in- 
fluence of  temperature  of  coking  upon  the  characteristics  of  the 
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coke  and  quantity  and  quality  of  gas  produced.  This  work  was 
done  at  the  Sparrows"  Point  plant  of  the  Bethlehem  Steel  Com- 
I)any.  where  apparatus  was  placed  at  the  disposal  of  the  Bureau 
through  the  courtesy  of  the  engineens  in  charge. 

The  gas  produced  at  high  temperatures  was  much  greater  in 
volume  but  lower  in  heating  value  than  that  produced  at  the 
lower  temperatures,  not  only  because  of  more  complete  elimina- 
tion of  volatile  matter  from  the  coal,  but  also  as  a  result  of  the 
greater  decomposition  of  the  heavier  volatile  matter  into  gaseous 
constituents  at  the  higher  temperature.  At  the  lower  temperatures 
the  coke  was  very  inferior  to  that  produced  at  the  higher  tem- 
peratures, but  in  no  case  was  the  temperature  maintained  as  high 
as  is  generally  used  in  coke-oven  practice. 

Detailed  results  for  the  series  of  five  tests  are  given,  and  a 
separate  series  of  results  on  other  coals  is  included,  furnishing 
data  given  to  the  Bureau  by  the  Steel  Company  covering  tests 
made  with  the  same  apparatus  during  the  preceding  two  years. 


AIRPLANE  ANTENNA  CONSTANTS."' 

By  J.  M.  Cork. 

[abstract.] 

This  paper  contains  data  observed  by  the  writer  while  an 
officer  in  the  Signal  Corps,  U.  S.  Army,  and  is  published  by  per- 
mission of  the  Chief  Signal  Officer. 

The  purpose  of  this  work  was  tO'  devise  a  method  for  meas- 
uring airplane  antenna  constants  (i.e.,  capacity,  inductance, 
natural  wave  length)  under  conditions  of  actual  flight;  and  to 
use  this  method  to  obtain  data  on  various  forms  of  fixed  and 
trailing  wires. 

The  principle  of  the  method  involves  a.  continuous  wave 
(jscillator  feeding  directly  into  the  antenna  and  substituting  for  the 
antenna  a  variable  calibrated  condenser  and  adjusting  for  the 
same  wave  length  as  with  the  antenna  in  the  oscillating  circuit. 
The  result  obtained  is  the  effective  capacity  of  the  antenna. 
Having  found  this,  a  variable  calibrated  non-inductive  resistance 
is  varied  until  the  D.  C.  component  of  the  plate  current  reads  the 
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sajiie  as  for  the  real  antenna.  This  gives  the  effective  antenna 
resistance.  Knowing  the  effective  values  of  capacity  at  various 
wave  lengths,  the  true  capacity,  inductance  and  natural  wave 
length  are  readily  found. 

By  this  method  results  were  obtained  with  various  forms  of 
fixed  wires,  and  one.  two  and  four  trailing  wires  of  various 
lengths  are  summarized. 

A  method  for  finding  the  directional  transmitting  effect  of 
various  antennas  is  also  described.  In  order  to  compare  the 
amounts  of  energy  received,  a  detector  tube  with  a  three-stage 
audio  amplifier  is  used.  A  transformer  is  placed  in  the  plate  cir- 
cuit of  the  last  amplifier  tube,  the  secondary  of  which  is  con- 
nected to  the  heater  coil  of  a  thermocouple  connected  to  a  D.C. 
micro  ammeter.  This  when  calibrated  is  free  from  many  of  the 
imcertainties  of  the  ordinary  audibility  meter.  A  typical  direc- 
tional curve  of  the  trailing  wire  antenna  is  included  in  the  paper. 


EFFECTS  OF  GLUCOSE  AND  SALTS  ON  THE  WEARING 
QUALITY  OF  SOLE  LEATHER." 

By  P.  L.  Wormeley,  R.  C.  Bowker,  R.  W.  Hart,  L.  M.  Whitmore,  and 

J.  B.  Churchill. 

[.\BSTRACT.] 

Technologic  Paper  No.  138,  Bureau  of  Standards,  on  the 
■"  Effects  of  Glucose  and  Salts  on  the  Wearing  Quality  of  Sole 
Leather."  contains  a  description  of  the  methods  used  and  the 
results  obtained  from  the  first  of  a  series  of  tests  to  be  made  on 
this  subject.  Four  brands  of  leather  were  tested;  two  tannages 
to  which  very  small  amounts  of  glucose  and  salts  were  added 
■and  two  tannages  to  which  larger  amounts  of  these  materials  were 
added.  The  experimental  work  consisted  of  actual  service  tests 
on  shoes,  tests  on  a  lalx)ratory  wearing  machine,  water  al)sorp- 
tion  tests  and  comjjlete  chemical  analyses  of  the  original  and 
worn  leathers.  Results  are  presented  which  show  the  variation 
in  wear  of  the  different  leathers,  the  variation  in  wear  of  soles 
•cut  irom  different  locations  on  the  hide,  the  water-absorption 
cjualities  of  the  leathers  and  the  variation  in  chemical  composition 
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of  the  leathers  in  different  parts  of  the  hide  for  both  the  new  and 
worn  soles.  From  the  results  of  the  test  there  is  no  indication, 
that  the  addition  of  glucose  and  salts  is  either  beneficial  or 
detrimental  to  the  durability  of  the  leather  and  it  is  conclusively 
shown  that  the  greater  part  of  the  added  glucose  and  salts  was 
lost  from  the  leather  during  wear  while  the  other  water-soluble 
materials  appear  to  be  retained  in  the  leather. 


A  COMPARISON  OF  THE  HEAT-INSULATING  PROPERTIES  OF 
MATERIALS  USED  IN  FIRE-RESISTIVE  CONSTRUCTION.  ' 

By  Walter  A.  Hull. 

[austract.J 

A  COMPARISON  of  the  relative  efficiencies  of  the  different 
classes  of  materials  commonly  used  in  fire-resistive  construction 
to  protect  load-bearing  members  from  the  heat  of  an  accidental 
fire  has  recently  been  made  in  an  investigation  by  the  Bureau  of 
Standards.  All  materials  were  made  up  into  specimens  in  the 
form  of  solid  cylinders,  8  inches  in  diameter  and  i6  inches  long. 
These  were  tested  separately  in  a  specially  designed  gas  fired 
furnace,  the  furnace  temperature  being  raised  gradually  to 
927°  C.  in  ninety  minutes  and  held  at  ap])roximately  that  point  for 
two  hours. 

Temperatures  were  measured  by  means  of  thermocouples  at 
four  points  in  the  interior  of  each  specimen.  The  temperatures 
were  recorded  throughout  each  test,  giving  information  as  to  the 
rate  of  heat  penetration  in  each  sort  of  material.  The  condition 
of  specimens  after  the  test  gave  information  as  to  the  extent  of 
deterioration  which  took  place  in  each  kind  of  material  due 
to  the  heat. 

The  investigation  included  three  clays  that  are  used  for  the 
manufacture  of  terra  cotta  tile,  concretes  from  two  mixtures. 
I  :2  4  and  i  13  :6,  with  a  number  of  different  coarse  aggregates. 
gypsums  of  several  different  mixtures  from  raw  materials  from 
different  parts  of  the  country,  and  lime  mortar. 

The  most  rapid  heat  penetrations  were  found  in  the  denser 
specimens  of  the  burned  clays.  A  ])orous  burning  clay,  light 
burned,  heated  through  as  slowly  as  most  of  the  concretes  and 
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much  less  rapidly  than  the  denser,  harder  burned  clays.  No  clay 
specimens  of  the  porosity  of  terra  cotta  lumber  produced  by  the 
addition  of  sawdust  were  included. 

Among  the  concretes,  those  with  a  coarse  aggregate  of  gravel 
and  those  from  bituminous  cinders  containing  a  large  proportion 
of  combustible  material  heated  through  most  rapidly.  Concretes 
from  clean  bituminous  cinders,  trap  rock  and  blast  furnace  slag 
heated  through  more  slowly,  w^hile  the  limestone  concrete  speci- 
mens heated  through  somewhat  more  slowly  than  any  of  the 
others.  The  less  rapid  temperature  progress  in  the  limestone 
concrete  specimens  may  be  attributed  to  the  heat  absorbed  by  the 
decarbonation  of  the  limestone  in  a  thin  layer  of  concrete  next 
to  the  exposed  surface  and  to  the  fact  that  the  resulting 
calcium  oxide  was  presumably  a  better  heat  insulator  than  the 
original  stone. 

Gypsum  specimens  showed  long  temperature  lags  at  about 
105°  C,  "due  to  dehydration  of  the  material.  Temperature 
progress  through  the  gypsum  specimens  was  much  slower  than 
through  the  clays  and  concretes.  The  densest,  heaviest  gypsum 
mixture  heated  through  slightly  more  slowly  than  the  lighter 
ones,  due  presumably  to  the  great  heat-absorbing  capacity  ol 
the  heavier  specimens. 

Lime  mortar  made  a  favorable  showing,  thermally,  as  com- 
pared with  the  concretes. 

All  the  concretes  were  weak  after  test.  Limestone  concretes 
retained  somewhat  more  strength  than  those  from  other  coarse 
aggregates,  though  the  cinder  concretes  were  tougher  than  the 
others.  The  gravel  concretes  were  the  weakest  of  all  after  test. 
This  is  attributed  largely  to  the  fact  that  the  gravel  was  made  up 
of  quartz  and  quartzose  materials,  as  it  is  known  that  the  ex- 
pansion behavior  of  quartz,  including  the  sudden  volume  increase 
as  the  inversion  point  at  575°  C.  is  approached,  is  especially  con- 
ducive to  destructive  strains.  The  gypsum  and  the  lime  mortar 
retained  very  little  strength  after  the  test. 

The  results  are  consistent  with  earlier  information  as  to  the 
relative  termal  qualities  of  the  three  classes  of  materials,  burned 
clays,  concretes,  and  gypsums,  but  are  favorable  to  members  of 
each  class ;  namely,  porous  clays,  limestone  concretes,  and  the 
denser  gj^psums.  The  showing  of  gravel  concrete  both  thermally 
and  in  respect  to  loss  of  strength  was  unfavorable. 
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THE  DETERMINATION  OF  FREE  CARBON  IN  RUBBER 

GOODS." 

By  A.  H.  Smith  and  S.  W.  Epstein. 

[abstract.] 

The  method  is  briefly  as  follows  :  Extract  a  i-g  sample  tor  six 
hours  with  acetone  and  then  for  three  hours  with  chloroform  or 
carbon  bisulphide.  Transfer  the  sample  tO'  a  250-cm^  beaker  and 
heat  on  the  steam  bath  until  it  no  longer  smells  of  chloroform. 
Add  a  few  cm^  of  hot  concentrated  nitric  acid  and  allow  to  stand 
in  the  cold  for  about  10  minutes.  Add  50  cnr*  more  of  hot  con- 
centrated nitric  acid,  taking  care  to  w^ash  down  the  sides  of  the 
beaker.  Heat  on  the  steam  bath  for  about  one  hour  or  until  all 
bubbles  or  foam  disappear  from  the  surface.  Pour  the  liquid, 
while  hot,  into  a  Gooch  crucible  containing  a  thickpad  of  ignited 
asbestos.  Filter  by  slowly  applying  gentle  suction  and  wash  well 
with  hot  concentrated  nitric  acid.  Empty  the  filter  flask  and  wash 
the  filter  alternately  with  acetone  and  benzol  until  the  filtrate  is 
colorless.  Next  wash  it  well  with  a  hot  15  per  cent,  solution  of 
sodium  hydroxide.  Test  for  the  presence  of  lead  by  running 
some  warm  ammonium  acetate  solution,  containing  an  excess  of 
ammonium  hydroxide,  through  the  pad  into  a  solution  of  sodium 
chromate.  If  a  yellow  precipitate  forms,  the  pad  must  be  washed 
with  the  ammonium-acetate  solution  until  the  washings  no  longer 
])recipitate  the  sodium-chromate  solution.  Next  wash  the  residue 
a  few  times  with  hot  concentrated  hydrochloric  acid  and  finally 
with  warm  5  per  cent,  hydrochloric-acid  solution.  Remove  the 
crucible  from  the  funnel,  taking  care  that  the  outside  is  clean, 
and  dry  it  in  an  air  bath  for  one  and  one-half  hours  at  130°  C. 
Weigh,  burn  ofif  the  carbon  at  a  dull-red  heat,  and  reweigh.  The 
difiference  in  weight  represents  approximately  105  per  cent,  of  the 
carl)on  originally  present  in  the  form  of  lampblack  or  gas  black. 
It  is  recommended  that  0.5-g  samples  l)e  taken  for  compounds 
containing  over  10  per  cent,  of  free  carbon  and  i-g  samples 
for  compounds  containing  less  than  this  amount.  It  is  also 
imnecessary  to  extract  high-grade  compounds. 

After  a  brief  review  of  the  literature,  a  discussion  is  given  of 
the  difficulties  encountered  in  the  use  of  the  nitric  acid  method. 
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It  is  shown  that  nitric  acid  attacks  the  carbon  and  g-ives  an  in- 
sohible  conijK)und.  with  the  result  that  a  factor  of  1.05  must  be 
used.  .\n  experiment  is  outHned  which  is  taken  to  prove  that 
bituminous  matter  is  all  removed  by  the  treatment  indicated.  The 
effects  of  various  mineral  constituents  are  discussed  and  methods 
are  outlined  for  their  removal. 

The  authors  conclude  that,  though  the  attack  of  nitric  acid 
on  carbon  makes  a  very  accurate  determination  impossible,  the 
error  caused  thereby  when  the  factor  1.05  is  used  is  sufficiently 
small  to  justify  the  use  of  this  method  at  the  present  time  as  a 
routine  one  in  the  rubber  laboratorv. 


THE  MECHANICAL  PROPERTIES  AND  RESISTANCE  TO  COR- 
ROSION OF  ROLLED  LIGHT  ALLOYS  OF  ALUMINUM 
AND  MAGNESIUM  WITH  COPPER,  WITH  NICKEL 
AND  WITH  MANGANESE." 

By  P.  D.  Merica,  R.  G.  Waltenberg,  and  A.  N.  Finn. 

[ABSTRACT.] 

Light  aluminum  alloys  of  several  compositions  belonging 
to  each  of  the  three  ternary  series :  aluminum-magnesium-copper, 
aluminum-magnesium-manganese,  and  aluminum-magnesium- 
nickel,  were  rolled  out  into  sheet  and  tested  in  tension  as  cold- 
rolled,  after  annealing,  and  after  heat  treatment,  consisting  of 
quenching  from  about  500 '^  C.  and  aging  at  ordinary  temperature. 

The  alloys  of  the  aluminum-magnesium-copper  series  were 
superior  in  all  conditions  to  those  of  the  other  series,  in  respect 
to  tensile  properties. 

The  tensile  properties  of  the  aluminum-magnesium-copper 
series  may  be  much  improved  by  appropriate  heat  treatment. 
The  alloys  of  the  aluminum-magnesium-nickel  series  are  also 
improved  by  heat  treatment,  but  not  in  the  same  degree  as  the 
former  series.  The  alloys  of  the  aluminum-magnesium-man- 
ganese series  are  not  improved  by  heat  treatment. 

Samples  of  representative  compositions  of  each  series  were 
exposed  to  corrosion  in  the  salt  spray  test,  and  the  appearance  of 
samples  observed  after  one  and  after  two  months'  exposure  to 
the  action  of  the  salt  spray. 
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The  alloys  of  the  aluminum-magnesium  series  resisted  corro- 
sion in  general  better  than  those  of  the  other  series,  and  this 
agrees  with  other  experience  in  the  corrosion  of  such  alloys.  The 
heat-treated  specimens  of  the  aluminum-magnesium-copper  series 
were,  however,  but  little  inferior  to  those  of  the  manganese 
series  in  their  resistance  to  corrosion;  the  annealed  and  the  cold- 
rolled  samples  of  that  series  were  the  least  resistant  to  corrosion 
of  any  of  the  alloys  tested.  Hard-rolled  commercial  aluminum 
corroded  much  more  than  any  of  the  alloys.  Annealed 
aluminum  was  more  resistant  to  corrosion  than  the  hard-rolled 
aluminum  but  did  not  compare  favorably  with  most  of  the  alloys. 


TESTS  OF  FLEXIBLE  GAS  TUBING/' 

By  R.  S.  McBride  and  Walter  M.  Berry. 

[.\BSTRACT.] 

A  LARGE  number  of  accidents  in  recent  years,  resulting  in  loss 
of  life  and  property,  have  been  caused  by  the  poor  ciuality  and 
the  improper  and  careless  use  of  flexible  gas  tubing.  Some  states 
have  prohibited  the  use  of  such  tubing  and  there  has  been  increas- 
ing agitation,  by  fire  prevention  authorities  and  others  who  are 
active  in  the  cause  of  safety,  for  greater  restrictions  in  the  use  of 
this  material. 

The  Bureau  of  Standards  has  made  tests  on  about  thirty 
typical  varieties  of  tubing  and  the  tests  show  that  much  of  the 
material  on  the  market  is  made  of  paper,  covered  with  some  tar 
compound,  and  in  whole  of  such  dangercnis  construction  that 
some  steps  should  be  taken  immediately  to  prt)hibit  the  use  of 
such  tubing. 

There  are  several  varieties  of  tubing  that,  if  used  with  ordi- 
nary care,  can  be  considered  safe  for  all  ordinary  use;  and  the 
life  of  the  better  varieties  is  so  much  greater  that  it  is  really 
cheaper  in  the  end.  Much  of  the  danger  in  gas  tubings  comes 
from  the  ])()or  grade  of  rubber  end  pieces,  and  the  tests  showed 
that  there  was  as  great  a  variation  in  the  quality  of  these  as  in 
the  f|uality  of  the  tubings  themselves.  One  high-grade  sample 
which  probably  would  not  increase  the  cost  of  the  tubing  more 
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than  a  few  cents  showed  ten  times  the  tensile  strength  and  per- 
centage  elongation  at  break  of  that  of  the  cheaper  samples. 

The  experiments  cover  tests  of  transverse  strength ;  tensile 
strength;  pull  required  to  remove  end  piece;  tightness  when 
straight,  bent,  or  twisted;  pressure  loss;  flexibility;  heating  test; 
rubber  slip  ends;  and  detachable  metal  end-pieces. 

The  American  gas  engineers  have  realized  that  the  interests 
of  the  gas  industry  require  the  production  of  a  safe  gas  tubing 
and  as  a  result  the  National  Commercial  Gas  Association  and 
the  American  Gas  Institute  working  in  conjunction  formulated  a 
set  of  tentative  specifications  and  presented  them  at  the  1916 
meeting  of  these  societies.  The  tests  reported  by  the  Bureau  have 
been  made  along  the  lines  suggested  by  these  proposals  and  the 
results  are  discussed  to  show  where,  in  the  judgment  of  the 
Bureau,  these  tentative  specifications  are  too  rigid,  where  too 
lenient,  and  to  what  extent  these  specifications  fulfill  their  pur- 
pose, i.e.,  of  providing  safe,  convenient,  and  commercially 
suitable  tubing. 

Before  final  adoption  of  specifications  either  by  the  gas  asso- 
ciations or  the  Bureau  of  Standards  for  the  National  Gas  Safety 
Code,  it  is  anticipated  that  cooperation  in  this  work  will  enable 
the  Bureau  and  the  associations  to  formulate  mutually  satisfac- 
tory standards  so  that  the  specifications  which  are  finally  adopted 
may  be  identical.  As  a  step  toward  this  highly  desirable  end,  a 
report  of  these  tests  has  been  prepared  and  is  now  presented  to 
bring  out  the  further  discussion  w'hich  is  essential  before  more 
definite  recommendations  are  made. 


THE  SPECTRAL  PHOTOELECTRIC  SENSITIVITY   OF  SILVER 
SULPHIDE  AND  SEVERAL  OTHER  SUBSTANCES." 

By  W.  W.  Coblentz  and  H.  Kahler. 

[abstract.] 

This  paper  gives  data  on  the  change  in  the  electrical  resistance 
of  the  sulphides  of  silver  and  of  bismuth,  when  exposed  to  radia- 
tions of  wave  lengths  extending  from  0.6/u.  to  3^^.  Measurements 
were  made  also  upon  galena,  cylindrite,  pyrites  and  jamesoiiite, 
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which,  however,  did  not  show  photoelectrical  sensitivity  for  the 
highest  spectral  radiation  intensities  available. 

Both  the  natural  mineral,  acanthite,  Ag2S  and  a  laboratory 
preparation  were  examined.  The  latter  material,  which  was 
hammered  into  a  thin  plate,  was  found  insensitive  photoelectri- 
cally,  at  room  temperature.  But  at  -157°  C.  a  sharp  maximum 
of  photoelectrical  sensitivity  was  observed  for  radiations  of  wave 
length  A=  1.05/*. 

At  room  temperatures  the  natural  crystalline  material  differs 
from  other  photoelectrically  sensitive  substances  studied,  in  that 
the  photoelectric  response  becomes  fatigued  and  after  an  ex- 
posure of  2  to  3  seconds  to  light,  the  positive  resistance  change 
begins  to  be  effective.  On  removing  the  light  stimulus,  the  gal- 
vanometer gives  a  negative  deflection,  which  in  the  course  of  a 
few  minutes  returns  to  the  original  zero  scale  reading.  In  other 
words,  the  change  in  resistance  of  the  crystal  when  exposed  to 
radiation  is  first  negative,  then  positive,  the  resultant  change 
being  negative  and  roughly  one- fourth  the  original  change.  At 
low  temperatures,  -158°  C,  this  polarization  phenomenon  disap- 
pears, and  the  response  to  radiation  is  the  same  as  that  of  other 
substances,  e.g.,  selenium.  The  spectral  photoelectric  sensitivity 
curve  of  crystalline  silver  sulphide,  acanthite,  at  room  tempera- 
ture is  conspicuous  for  its  high  sensitivity  in  the  region  of  the 
spectrum,  extending  from  o.6jU.  to  \.2ii,  followed  by  a  maximum 
at  about  1.35/*.  Lowering  the  temi)erature  to  -158°  C.  greatly 
increases  the  photoelectrical  sensitivity  of  acanthite  and  pro- 
duces a  quite  symmetrical  curve  with  a  maximum  at  1.2/^. 

Increasing  the  intensity  of  the  exciting  radiations  shifts  the 
maximum  of  the  photoelectrical  sensitivity  curve  toward  the 
long  wave  lengths. 

There  is  no  sim])le  law  governing  the  variation  in  the  photo- 
electric response  in  silver  sulphide  with  variation  in  intensity  of 
the  radiation  stimulus. 

Mechanical  working  (hammering  into  a  thin  plate)  appears 
to  lower  the  intrinsic  photoelectrical  sensitivity  of  acanthite  and 
changes  the  position  of  the  maximum  of  spectral  sensitivity. 

A  spectral  i)hotoelectric  sensitivity  curve  of  bismuthinite, 
BizS.,,  was  obtained  at  -166°  C.  There  arc  maxima  of  sensi- 
tivity at  0.64/i.,  and  t.oSm.  respectively. 


NOTES  FROM  THE  U.  S.  BUREAU  OF  CHEMISTRY.* 


THE  COMPOSITION  AND  BAKING  VALUE  OF  THE  DIFFERENT 
SIZED  PARTICLES  OF  FLOUR.' 

By  J.  A.  LeClerc,  H.  L.  Wessling,  L.  H.  Bailey,  and  W.  O.  Gordon. 

[  ABSTRACT.] 

An  investigation  was  conducted  with  14  samples  of  flour  to 
determine  the  composition  and  baking  value  of  the  different 
sized  particles.  Almost  one-fourth  of  the  flour,  all  of  which  was 
passed  through  a  series  of  bolting  silks  number  15.  18,  20  and  21, 
remained  on  the  Xo.  15  XX  silk,  while  one-third  passed  through 
the  Xo.  21.  Upon  analyzing  and  baking  each  separate,  it  was 
found  that  the  quality  of  the  coarse  and  very  fine  separates  is 
inferior  to  that  of  the  intermediate  portion.  The  very  fine  sepa- 
rate is  by  far  the  poorest,  both  in  quantity  and  quality  of  the 
gluten,  as  well  as  in  the  quality  of  the  bread  it  produces.  A 
superior  quality  of  bread  was  secured  when  only  the  intermediate 
separates  were  selected  for  the  baking. 


THE  CRYSTALLOGRAPHY  OF  MORPHINE  AND  CERTAIN  OF 
ITS  DERIVATIVES.' 

By  Edgar  T.  Wherry  and  Ellas  Yanovsky. 

[abstract.] 

Detailed  crystallographic  measurements  and  partial  optical 
observations  have  been  made  on  morphine  monohydrate,  codeine 
(morphine  methyl  ester),  in  both  anhydrous  and  monohydrate 
forms,  codethyline  (morphine  ethyl  ester),  monohydrate,  and 
heroine  Cdiacetyl  morphine),  anhydrous.  All  crystallize  in  the 
rhombic  system,  and  on  calculating  the  topic  axes  it  is  found  that 
there  are  definite  relations  between  them,  it  being  possible  to 

*  Communicated  by  the  Chief  of  the  Bureau. 
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recognize  the  direction  in  the  crystal  in  which  addition  of  the 
CH2  group,  the  H.O  oi  crystalhzation,  and  the  acetyl  groups 
takes  place.  The  substances  are  too  soluble  in  the  liquids  ordi- 
narily used  for  the  study  of  optical  properties  by  the  immersion 
method  to  permit  accurate  determinations  of  their  refractive 
indices  to  be  made. 


Producer  Gas  for  Internal  Combustion  Engines. — The  short- 
age of  gasoline  in  Great  Britain  during  the  war  led  to  extensive 
investigations  for  substitutes,  among  which  were  ordinary  illu- 
minating gas  and  producer  gas.  A  report  has  just  been  published 
by  the  committee  appointed  to  investigate  the  subject,  an  ab- 
stract of  which  is  given  in  the  English  Mechanic  (vol.  ex,  p.  31, 
1919).  The  committee  considers  that  gas  traction  is  as  safe  as 
the  ordinary  form  even  when  unprotected  and  exposed  flexible 
containers  are  used.  In  its  newer  forms  it  is  well  worth  consid- 
eration as  an  alternative  of  electric,  gasoline  or  steam  traction. 
Common  city  gas  is  estimated  to  be  equivalent  to  gasoline  in  the 
proportion  of  250  cubic  feet  of  the  former  to  i  gallon  of  the  latter. 
Presumably,  these  being  English  data,  the  city  gas  is  more  largely 
hydrocarbons  than  much  of  the  gas  supplied  to  American  cities, 
and  the  gallon  may  be  the  imperial  gallon  of  ten  avoirdupois 
pounds.  It  is  recommended,  however,  that  gas-bags  should  be 
replaced  by  rigid  or  semi-rigid  containers,  whenever  a  compres- 
sion j)lant  can  be  installed,  but  it  is  not  considered  advisable  that 
any  existing  plant  for  gas-traction  should  be  abandoned  at  this 
time.  Figures  on  cost  of  compressing,  etc.,  are  given,  but  they 
are  obviously  of  no  value  in  this  country. 

Tn  a  supplementary  article  (E.  M.,  same  volume,  page  45) 
Mr.  David  J.  Smith,  who  made  many  of  the  experiments  in  the 
matter,  states  that  it  is  possible  to  run  satisfactorily  in  competi- 
tion with  gasoline  motor  vehicles  by  ])roducing  gas  made  on  tiie 
vehicle,  using  anthracite,  coke  or  charcoal.  He  states  that  the 
cost  of  running  a  truck  with  anthracite  at  50  shillings  ($11)  per 
ton  was  equivalent  to  gasoline  at  5.4  pence  (11  cents)  ])er  gallon. 
the  commercial  rate  of  the  gasoline  being  taken  at  2s.6d.  (about  60 
cents)  i)er  gallon.  He  claims  that  a  producer  can  be  made  accord- 
ing to  his  designs  that  will  occupy  no  loading  room  on  the  truck, 
and  free  access  to  the  ccpiipment  is  secm-ed.  In  case  of  trucks 
the  weight  of  the  equipment  for  ])roducing  the  gas  does  not 
exceed  2  per  cent,  of  the  weight  of  the  loaded  vehicle.  The 
method  is  a])plicable  to  boats  and  tractors,  the  small  size  of  the 
plant  rendering  it  suitable  for  applications  to  which  formerly 
|)ro(lucer  gas  apparatus  could  not  be  applied. 

11.   L. 
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Alt<nii)iii)n  Oxidation. — The  oxidation  of  aluminum  is  being 
studied  at  the  Pittsburgh  station.  A  sample  of  aluminum  powder 
was  analyzed  for  oxide  by  all  the  methods  that  are  in  use,  for  the 
purpose  of  comparing  and  perfecting  them.  Comparative  figures 
were  obtained  for  the  oxygen  content  of  an  aluminum  sample  as 
determined  by  the  sodium  hydroxide  and  iodine  methods.  The 
latter  shows  consistently  a  much  higher  oxide  value  than  the 
former,  and  both  methods  show  a  steady  decrease  in  the  amount 
of  oxide  with  increase  in  the  time  of  contact  between  the  reagent 
and  the  sample.     Further  work  is  in  progress. 

Xcuniaun  Bands. — Tests  for  the  Neumann  Band  Committee 
of  the  National  Research  Council  have  progressed  at  the  Explo- 
sives Experiment  Station  under  the  direction  of  S.  P.  Howell, 
a  member  of  that  committee,  and  four  tests  in  triplicate  were  made 
on  steel  disks  prepared  from  cold  rolled  steel  shafting,  carbon  less 
than  0.15.  Each  set  of  disks  was  distorted  by  explosion  of  explo- 
sives in  contact  with  them,  the  explosives  having  rates  of  detona- 
tion of  5716,  4470,  3190  and  1523  metres  per  second.  These 
disks  will  be  microscopically  examined  by  Mr.  F.  B.  Foley,  of 
the  Bureau  of  Alines,  also  a  member  of  this  Committee,  now  at 
Bedford  Hills,  New  York.  The  object  of  the  investigation  is  to 
determine  what  effect  the  velocity  of  deformation  or  rupture 
of  steel  has  upon  the  number  or  character  of  Neumann  bands 
produced  in  the  steel. 

Lead  Density. — It  appears  that  the  density  of  lead  is  decreased 
materially  when  distorted  quickly,  as  by  an  explosion,  as  shown 
by  recent  tests  made  at  the  Explosives  Experiment  Station  of 
the  Bureau  of  Mines,  under  the  direction  of  S.  P.  Howell. 
When  small  lead  cylinders  having  an  average  density  of  11.403 
were  distorted  by  an  explosive  having  a  rate  of  detonation  of 
3341  metres  per  second,  its  density  was  reduced  to  10.996,  and 
when  distorted  by  an  explosive  whose  rate  of  detonation  was 
3035  metres  per  second,  the  density  was  reduced  from  11.376  to 
1 1. 1 56,  and  when  the  rate  of  detonation  of  the  explosive  was 
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2835  metres  per  second,  the  density  of  the  lead  was  reduced  from 
11.383  to  11.228.  It  is  beheved,  that  this  reduction  in  density  is 
concomitant  to  the  formation  of  minute  voids  in  the  lead,  and 
further  investigation  is  required  to  determine  this.  This  contirms 
tests  made  in  the  winter  1888- 1889  at  the  Massachusetts  Institute 
of  Technology  by  Robert  C.  Williams  and  J.  C.  Seager,  and 
reported  by  Frederick  W.  Clark  in  the  Transactions  of  the  Ameri- 
can Institute  of  Mining  Engineers,  vol.  xviii,  pp.  526,  527,  in 
which  the  specific  gravity  of  lead  cylinders  before  firing  was  1 1.51 
and  after  firing  a  charge  of  explosive  in  the  borehole  in  the  lead 
cylinder,  the  specific  gravity  was  11.268. 


Production  of  Ammonia  by  Synthesis. — The  economic  pro- 
duction of  ammonia  from  nitrogen  and  hydrogen  directly  will  be  a 
valuable  addition  to  chemical  industries.  The  Haber-Le  Ros- 
signol  process  has  been  brought  to  a  high  degree  of  perfection, 
and  it  is  claimed  that  Germany  relied  almost  entirely  on  it  for 
the  supply  of  nitrogen  compounds  during  the  war.  American 
chemists  have  given  considerable  attention  to  it  also.  Briner 
and  Baerfuss,  in  a  lengthy  paper  in  Jour.  d.  Chim.  Phys.  (vol.  xvii, 
p.  71,  1919),  give  results  of  experiments  on  the  union  of  nitrogen 
and  hydrogen  under  the  influence  of  the  electric  arc,  the  gases 
being  under  diminished  pressure.  They  summarize  the  results 
as  follows : 

At  pressures  of  not  over  150  mm.  of  mercury,  the  arc  assumes 
a  sheath  form,  the  length  being,  of  course,  dependent  on  the  cur- 
rent strength  and  the  j)ressure.  This  form  has  a  powerful  influ- 
ence on  the  determination  of  the  synthesis.  Changes  of  pressure 
and  of  the  metal  used  for  electrodes  affect  the  out])ut  of  ammonia. 
The  experimenters  believe  that  the  combination  takes  place  be- 
cause the  molecules  of  the  two  gases  are  dissociated  into  the 
constituent  atoms  in  the  region  of  the  arc.  The  reduced  pressure 
favors  this  action  and,  therefore,  contributes  materially  to  the 
production  of  ammonia.  The  dissociation  may  be  due  to  the  heat 
alone,  or  result  from  more  complex  conditions.  The  condition 
described  by  Strutt,  Proc.  Roy.  Soc.  (vol.  Ixxxv.  p.  211).  191 1,  ct 
seq.),  namely,  the  formation  of  aHotrojiic  nitrogen  of  high  activity, 
was  not  observed  in  these  experiments.  The  best  results  should 
theoretically  be  obtained  by  the  use  of  a  mixture  of  the  elements 
in  the  ])roportion  in  which  they  exist  in  the  compound,  i.e.,  N  to 
H3,  but  as  both  elements  are  not  equally  activated  by  the  arc,  it 
is  likely  that  in  practice  an  excess  of  nitrogen  should  lie  ]>resent 
as  this  is  less  acti\  atcd  than  h\(lr()gcn. 

11.  L. 


THE  FRANKLIN  INSTITUTE. 

COMMITTEE  ON  SCIENCE  AND  THE  ARTS. 

(Abstract   of  Procccdiiu/s  of  the  Stated  Meeting  held   IVediiesday. 
September  3,  1919-) 

Hall  of  the  Franklin  Institute, 
Philadelphia,  September  3,  1919- 

Mr.  Benjamin  Franklin  in  the  Chair. 
The  following  report  was  presented  for  final  action : 
Xo.  2729:    Simplex  Fluid  Meter.    Action  deferred. 

R.  B.  Owens, 
Secretary. 
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BOOK  NOTICES. 

Hygiene  ix  Mexico:  A  Study  of  Sanitary  and  Edlxatioxal  Problems.  By 
Alberto  J.  Pani.  C-E.  Translated  by  Ernest  L.  de  Gogorza.  206  pages, 
and  contents,  i2mo.  New  York,  G.  P.  Putnam's  Sons.  Presented  by 
the  author. 

General  public  hygiene  is  rather  out  of  the  scope  of  this  Journal,  but  it 
is  a  subject  growing  more  and  more  closely  related  to  engineering  and 
chemistry,  and  besides,  American  interest  in  Mexico  is  so  great  that  it  will 
be  worth  while  to  examine  the  work  of  one  who  has  had  a  large  experience 
in  the  field.  Senor  Pani  is  an  officer  of  the  Carranza  government  and  informs 
us  in  a  special  note  that  the  sole  purpose  of  the  book  is  "  to  expose  one  of  the 
least  known,  most  nefarious  and  shameful  inheritances  of  the  past.'"  This 
refers  to  the  oppressions  of  the  Diaz  government.  The  entire  proceeds  of 
the  sale  of  the  Spanish  edition  were  donated  to  the  People's  University  of 
Mexico,  which  institution  is  especially  organized  to  promote  education  among 
the  less  cultured  classes  of  the  nation. 

The  work  is,  of  course,  largely  statistical.  It  gives  evidence  of  great 
neglect  of  hygiene  among  the  mass  of  the  Mexican  population.  His  inves- 
tigations lead  him  to  the  opinion,  expressed  on  page  7,  that  Mexico  City  is  the 
most  unhealthful  city  in  the  world.  Some  very  interesting  figures  of  the 
earnings  and  living  expenses  of  the  laborers  in  the  city  are  given.  One 
receives  seventy-five  cents  a  day  (presumably  U.  S.  money  equivalent)  work- 
ing every  day.  He  supports  two  others — mother  and  wife.  His  food  costs 
per  week,  $3.62;  clothing,  washing  and  hair  cutting,  $.94;  room  rent  (very 
squalid  quarters),  $.50;  leaving  a  weekly  surplus  of  $.19. 

The  book  is  a  valuable  contribution  to  general  hygiene.  Those  who  desire 
to  know  something  of  the  "  Mexican  jirolilem  "  should  consult  it.  Tlic  work 
of  the  translator  is  very  well  done.  The  luiglisli  is  excellent,  free  from 
Spanish  idioms. 

Henry  T-effmann. 
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Production  of  Glycerin  from  Sugar  by  Fermentation. — Jottn 
K.  CoKF.  \\'.  \'.  Li.NDKK  and  G.  F.  I^kyer  {Journal  of  I)idiistrial  and 
Euiiinccring  Chemistry,  vol.  xi,  pp.  842-845,  1919)  have  studied  the 
production  of  glycerin  from  sugar  by  fermentation  with  yeast.  Sev- 
eral successive  sowings  of  the  Steinberg  variety  of  Saccharomyccs 
EUipsoidcus  are  made,  each  sowing  while  the  yeast  is  most  active. 
Sodiinn  carbonate  is  added  at  each  sowing  so  that  its  concentra- 
tion is  from  one-half  to  one  per  cent,  of  the  weight  of  the  nutrient 
solution  :  the  yeast  is  thereby  accustomed  to  an  alkaline  environ- 
ment. The  yield  of  glycerin  is  greater  in  an  alkaline  solu- 
tion than  in  either  a  neutral  or  an  acid  solution.  The  yeast 
culture  is  added  to  a  sugar  solution,  e.g.,  a  solution  of  black  strap 
molasses;  the  most  favorable  concentration  is  from  17.5  to  20.0 
grains  of  sugar  per  100  c.c.  of  solution.  The  fermentation  is  carried 
out  at  a  temperature  of  30°  to  32°  C.  in  the  presence  of  a  small 
amount  of  ammonium  chloride.  Solid  sodium  carbonate  is  added 
to  the  wash  from  time  to  time ;  when  a  sufficient  quantity  has 
been  added,  a  copious  precipitate  forms,  evolution  of  gas  ceases, 
and  the  yeast  apparently  lies  dormant  for  a  time,  the  precipitate 
eventually  disappears  and  fermentation  again  occurs.  The  forma- 
tion of  a  precipitate  and  the  quiescence  of  the  mash  are  essentials 
of  the  process.  The  best  results  are  obtained  when  the  total 
amount  of  sodium  carbonate  added  is  approximately  5  per  cent. 
The  entire  amount  cannot  be  added  at  one  time,  for  it  would  per- 
manently stop  the  fermentation  ;  on  the  other  hand,  the  yield  of 
glycerin  is  greater  the  earlier  the  entire  amount  has  been  added  in 
several  installments  with  intervening  cycles  of  precipitation. 
quiescent  period,  and  fermentation.  The  requisite  alkalinity  of 
the  medium  may  also  be  obtained  by  use  of  potassivim  carbonate, 
sodium  hydroxide,  potassium  hydroxide  or  borax.  When  fermen- 
tation is  completed,  from  20  to  25  per  cent,  of  the  sugar  has  been 
converted  into  glycerin,  the  remainder  into  carbon  dioxide  and 
alcohol ;  other  products,  as  yet  unidentified  are  formed  in  small 
amount.  The  alcohol  may  be  recovered  by  distillation.  The 
glycerin  is  obtained  by  neutralizing  the  fermented  solution  with 
sulphuric  acid,  purifying  by  addition  of  coppers  and  lime,  remov- 
ing the  precipitate  in  a  filter  press,  concentrating  the  filtrate  in  a 
vacuum  evaporator,  and  finally  distilling  in  a  suitable  still.  On  a 
commercial  scale,  corn  sugar  and  cane  sugar  were  less  satisfac- 
tory than  molasses  as  a  raw  material.  Their  solutions  had  to  be 
enriched  with  yeast  nutriate  of  such  a  nature  and  to  such  an 
extent  that  these  nutrients  interfered  with  the  purification  of 
the  glycerin.  J.  S.  H. 
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Potash  Recovery  in  Cement  Works. — The  discovery  that  a 
limited  amount  of  soluble  alkalies  exists  in  the  dust  of  cement 
plants  seems  to  be  due  to  Seger  and  Cremer,  who  in  1904  reported 
on  the  fact  in  Tlwnind.-Zeit.  abstracted  in  Jour.  Soc.  Chem.  Ind. 
(vol.  xxiii,  p.  531,  1904).  The  possibility  of  recovering  this  alka- 
line material  was  first  pointed  out  by  Clififord  Richardson  at  a 
meeting  of  the  American  Society  for  Testing  Materials  in  June, 
1904.  At  this  time  Richardson  stated  that  in  a  cement  plant  turn- 
ing out  4000  barrels  per  day  there  might  be  a  possible  profit  of 
between  $roo  and  $200  per  day.  This  was,  of  course,  at  the  prices 
then  ruling  for  potassium  salts. 

The  data  just  given  are  taken  from  a  report  by  the  Department 
of  Mines  of  Canada,  bulletin  29,  prepared  by  Alfred  W.  G.  Wil- 
son, Ph.D.,  Special  Investigator  for  the  War  Trade  Board.  A 
considerable  amount  of  information  is  given  as  to  the  results  of 
recovery  of  potassium  salts  from  the  dust  of  the  cement  works, 
principally  in  the  United  States.  Several  illustrations  are  in- 
cluded, all  of  which  are  United  States  installations.  It  is  also 
stated  that  potassium  salts  may  be  recovered  from  blast-furnace 
gases,  and  that  three  steel  plants  in  the  United  States  are  ex- 
perimenting on  this  matter,  and  further  that  in  Great  Britain  it 
is  believed  that  the  yield  from  this  source  will  suffice  for 
domestic  wants. 

Two  systems  are  in  vogue  for  recovery  from  cement  dust,  the 
electrical  precipitation  imder  the  Cottrell  patents  and  the  water 
spray  system.  A  double  benefit  results  from  these  methods,  for 
not  only  is  a  valuable  fertilizer  ol^tained.  of  which  there  is  a  short- 
age in  America,  but  a  very  objectionable  dust  is  condensed.  In 
fact,  in  one  case  it  was  due  to  legal  proceedings  against  the  works 
that  the  dust  remover  was  installed  and  as  a  secondary  result 
the  potash  yield  was  obtained  and  for  a  limited  time,  owing  to 
the  high  price  of  potash  salts,  the  by-product  was  the  most  profit- 
able output  of  the  plant. 

The  bulletin  concludes  with  the  advice  that  the  problem  of  by- 
product recovery  should  receive  the  attention  of  all  Canadian 
cement  manufacturers.  Of  course,  this  advice  will  be  worth 
considering  by  United  States  maiiufacturers  as  well.  Not  the 
least  advantage  will  be  removal  of  annoyance  to  the  neighbor- 
hood by  the  escaping  dust,  especially  objectionable  in  agri- 
culture districts,  and  also  very  injurious  to  the  workers  in  the 
l)lants.  Thus  we  have  the  fortimate  combination  of  industrial 
hygiene  and  increase  of  operation  profit  to  bring  about  material 
improvement  in  such  plants.  11.  I,. 
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ATMOSPHERIC  ELECTRICITY.* 

BY 

W.  F.  G.  SWANN,  A.R.C.S.,  D.Sc, 

Professor  of  Physics  at  the  University  of  Minnesota.' 
INTRODUCTION. 

It  had  been  surmised  by  several  early  investigators  that  light- 
ning and  the  electric  discharge  were  in  some  way  connected ;  but, 
it  was  not  until  the  middle  of  the  eighteenth  century  that  Frank- 
lin, the  pioneer  whose  name  this  institution  bears,  showed,  by 
obtaining  electrical  discharges  from  a  kite,  that  there  was  really  a 
very  close  connection  between  the  two  phenomena. 

Although  the  electrical  manifestations  of  the  atmosphere 
attain  their  most  spectacular  form  in  the  thunderstorm,  never- 
theless, during  the  ordinary  quiet  days,  our  air  is  constantly  the 
seat  of  electrical  phenomena  hardly  less  interesting  and  puzzling 
to  the  student  of  science. 

Our  earth  is  not  an  electrically  neutral  body.  Its  surface  is 
coated  with  a  charge  of  negative  electricity;  and  the  amount  of 
this  charge  is  such  as  to  give  rise  to  a  very  considerable  electrical 
field  in  the  atmosphere.  In  the  technical  mode  of  expression  we 
say  that  the  potential  increases,  as  we  rise  above  the  earth's  sur- 
face, to  the  extent  of  about  150  volts  per  metre;  that  is  to  say,  the 

*  Presented  at  a  joint  meeting  of  the  Electrical  Section  and  the  Philadel- 
phia Section  American  Institute  of  Electrical  Engineers,  held  Thursday, 
November  i,  1917. 

'  At  the  time  this  lecture  was  given,  Chief  of  the  Ph.ysical  Division, 
Department  of  Terrestrial  Magnetism,  Carnegie  Institution  of  Washington. 

[Note. — The  Franklin  institute  is  not  responsible  for  the  statements  and  opinions  advanced 
by  contributors  to  the  JouRN.-\L.) 

Copyright   1919.  by  The  Franklin  Institute. 
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difference  in  electrical  pressure  between  the  earth  and  a  point 
one  metre  above  its  surface  is  about  one  and  a  half  times  as  great 
as  the  difference  in  electrical  pressure  between  the  terminals  of 
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our  lighting  circuits.  The  change  of  electrical  potential  per 
metre  is  called  the  potential-gradient,  and  is  one  of  the  atmos- 
pheric-electric quantities  most  frequently  studied. 
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Except  in  abnormal  weather,  the  potential-gradient  is  almost 
invariably  directed  in  such  a  way  as  would  result  in  negative  elec- 
tricity being  repelled  away  from  the  surface  of  the  earth;  that 
is,  in  such  a  way  as  to  correspond  to  the  existence  of  a  negative 
charge  upon  the  earth's  surface.  It  is  by  no  means  an  invariable 
quantity,  however,  but  goes  through  a  fairly  regular  series  of 
changes  throughout  the  day.  and  throughout  the  year,  changes 
amounting  to  fifty  per  cent,  or  more  of  its  whole  value.  In  Fig.  i 
the  upper  curve  is  typical  of  the  variation  of  the  potential-gradient 
throughout  the  day  in  summer,  and  the  lower  curve  is  typical  for 
a  winter  day.  If  we  take  the  average  value  of  the  potential- 
gradient  for  each  day  of  the  year,  and  plot  this  quantity  through- 
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out  the  year,  we  obtain  such  a  curve  as  Fig.  2,  showing  that  the 
potential-gradient  is  high  in  winter  and  low  in  summer. 

The  change  in  electrical  potential  in  the  second  metre  above 
the  earth's  surface  is  slightly  less  than  for  the  first ;  for  the  third 
metre  it  is  slightly  less  than  for  the  second,  and  so  on.  This 
diminution  of  the  potential-gradient  with  altitude  has  been  traced 
by  balloon  observations  up  to  altitudes  of  nine  kilometres,  where 
the  potential-gradient  attains  a  value  of  only  about  2  volts  per 
metre  instead  of  150  volts  per  metre,  which  is  the  value  at  the 
earth's  surface.  It  does  not  require  a  great  stretch  of  the  imagina- 
tion to  suppose  that  if  we  could  go  still  higher,  the  gradient  would 
soon  attain  a  practically  negligible  value. 

Now  nine  kilometres  is  so  small  compared  with  the  radius  of 
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the  earth  that  if  we  were  to  represent  the  earth  by  a  circle  drawn 
upon  an  ordinary  page,  we  should  find  difficulty  in  drawing  the 
circle  with  a  line  so  thin  but  that  its  thickness  alone  would  repre- 
sent more  than  nine  kilometres.  We  realize  how  much  remains 
to  be  known  on  the  purely  experimental  side  of  atmospheric- 
electricity  when  we  recall  that  practically  all  of  our  measurements 
are  confined  to  a  very  thin  shell  of  this  kind,  and  indeed,  most  of 
them  to  a  very  small  fraction  of  this  shell.  If  we  could  only 
know  something  of  the  conditions  over  a  shell  thirty  or  forty 
kilometres  thick,  we  should  probably  be  on  the  high  road  to  the 
solution  of  much  that  is  now  obscure. 

I  have  said  that,  within  a  thin  shell  of  the  atmosphere  only 
about  ten  kilometres  thick,  the  potential-gradient  falls  from  about 
150  volts  per  metre  to  practically  zero.  It  can  be  shown  as  a 
matter  of  pure  mathematical  reasoning  from  the  known  laws  of 
electrostatics  that  the  only  explanation  of  this  diminution  of 
potential-gradient  with  altitude  is  to  be  found  in  the  supposition 
that  the  portion  of  the  atmosphere  within  the  shell  holds  a  posi- 
tive charge  just  equal  to  the  negative  charge  on  the  surface  of 
the  earth;  and  direct  experiment  has,  of  course,  confirmed  the 
presence  of  this  positive  charge. 

Now  a  state  of  affairs  where  a  negative  charge  is  to  be  found 
on  the  surface  of  the  earth  and  a  positive  charge  in  the  surround- 
ing atmosphere  is  one  which  could  persist  indefinitely  if  the 
atmosphere  were  a  perfect  insulator.  But  it  is  not  a  perfect 
insulator.  Its  power  of  conducting  electricity  is  extremely  small; 
but,  it  is  nevertheless  sufficient  to  insure  that  90  per  cent,  of  the 
charge  on  the  earth's  surface  would  disappear  in  about  10  minutes 
if  there  were  no  means  of  replenishing  the  supply.  The  origin 
of  the  replenishment  of  the  earth's  charge,  which  we  shall  pres- 
ently discuss  in  greater  detail,  has  for  long  been  the  most  puzzling 
problem  of  atmospheric  electricity. 

ATMOSPHERIC  CONDUCTIVITY. 

As  I  have  remarked,  the  conductivity  of  the  atmosphere  is 
very  small.  Compared  with  the  conductivity  of  such  a  sub- 
stance as  copper,  it  is  almost  inconceivably  small.  A  column  of 
air  one  inch  long  offers  as  much  resistance  to  the  passage  of  the 
electric  current  as  a  copper  cable  thirty  thousand  million  million 
miles  long,  and  of  the  same  cross-section,  i.e.,  as  much  resistance 
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as  that  of  a  copper  cable  long  enough  to  reach  from  here  to 
Acturus  and  back  twenty  times.  In  view  of  the  very  small  con- 
ducting power  of  the  atmosphere,  we  might  be  constrained  to 
imagine  that  the  difficulty  is  not  to  explain  that  conductivity,  but 
rather  to  explain  why  the  conductivity  is  not  much  greater  than 
it  actually  is.  Nevertheless,  modern  work  on  the  origin  of  elec- 
trical conduction  in  gases  has  lead  to  such  definite  conceptions  of 
the  mechanism  of  this  process  tliat  even  the  conductivity  of  the 
atmosphere  is  not  so  small  as  to  avoid  the  necessity  of  an 
explanation  of  its  origin. 

According  to  modern  views,  matter  is  composed  almost,  if 
not  entirely,  of  positive  and  negative  particles  or  electrons.  We 
know  a  great  deal  about  the  negative  electrons.  They  all  carry 
the  same  electric  charge,  and  are  all  of  the  same  size  and  mass, 
the  radius  being  about  lo"^^  cm.  and  the  mass  about  lo'"  gramme. 
The  ordinary  molecule  of  oxygen  or  nitrogen  contains  as  much 
positive  as  negative  electricity ;  and,  if  placed  in  an  electric  field,  it 
would  show  no  tendency  to  move.  As  a  result  of  certain  agencies, 
however,  it  is  possible  to  detach  a  negative  electron  from  a  mole- 
cule, leaving  the  remainder  positively  charged.  This  remainder 
constitutes  what  is  called  the  positive  ion.  The  negative  electron 
may  travel  freely  for  some  time,  but  sooner  or  later  it  will  attach 
itself  to  a  neutral  molecule,  or,  according  to  the  views  of  some, 
to  a  group  of  molecules,  and  so  form  the  negative  ion.  These 
ions  render  the  air  conducting  because,  under  the  influence  of  an 
electric  field,  the  negatively  and  positively  charged  ions  move 
respectively  towards  the  positively  and  negatively  charged  bodies 
and  discharge  them. 

Now  suppose  that,  in  the  atmosphere,  there  is  some  agency 
which  produces  ions  continually.  The  number  of  ions  per  c.c. 
will  grow  and  grow;  it  would  grow  indefinitely  were  it  not  that 
the  ions  which  have  been  produced  tend  to  recombine,  positive  to 
negative,  by  their  mutual  attraction ;  and,  the  more  there  are  pres- 
ent, the  more  rapidly  do  they  recombine.  If  the  ions  are  pro- 
duced at  a  constant  rate,  the  number  per  c.c.  will  grow  only  until 
the  number  which  recombine  per  second  is  equal  to  the  number 
produced  per  second.  Thus,  to  take  a  concrete  example,  it  ap- 
pears that,  in  the  atmosphere,  about  6  pairs  of  ions  are  produced 
per  cubic  centimetre  each  second;  and,  by  the  time  the  number 
has  grown  to  about  2400  of  each  kind  per  c.c,  six  pairs  of  ions 
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will  recombine  per  second,  and  the  total  number  will  cease  to 
grow  further.^ 

How,  then,  are  we  to  account  for  the  constant  production  of 
ions  in  the  atmosphere?  It  appears  that,  in  the  lower  tempera- 
ture, two  causes  are  mainly  responsible  : 

( 1 )  The  radioactive  emanations  in  the  air. 

(2)  The  "  penetrating  radiation." 

Concerning  the  former,  I  must  first  remind  you  that,  accord- 
ing to  modern  views,  a  substance  like  radium  is  in  a  continual 
state  of  disintegration.  The  disintegration  of  radium  itself  takes 
place  very  slowly;  about  2000  years  must  elapse  before  a  given 
quantity  of  radium  becomes  reduced  to  one-half  of  its  original 
amount.  As  the  radium  decays,  it  gives  birth  to  a  gas  called 
radium  emanation.  This  gas  is  much  shorter  lived  than  radium 
itself.  Half  of  any  given  quantity  of  it  disappears  in  3.85  days; 
and  as  it  dies  it  gives  birth  to  another  substance,  radium  A,  which 
again  dies,  giving  rise  to  radium  B  and  so  on. 

Now  the  study  of  the  radioactive  substances  has  shown  that 
when  one  of  these  atoms  disintegrates  and  gives  rise  to  the  next 
in  succession,  one  or  all  of  three  types  of  radiation  are  emitted 
from  the  atom.  First,  there  is  the  a  particle,  a  positively  charged 
atom  of  helium,  having  a  mass  equal  to  four  times  that  of  the 
hydrogen  atom,  and  travelling  with  a  velocity  of  the  order  one- 
tenth  that  of  light,  which  itself  travels  with  a  speed  of  186,000 
miles  per  second.  Then  there  is  the  iS  particle  which  is  merely  an 
ordinary  negative  electron,  travelling  with  a  velocity  comparable 
with  that  of  light,  and  having  a  mass  one  two-thousandth  that 
of  the  hydrogen  atom.  Lastly,  there  is  a  type  of  radiation. 
the  y  radiation,  which  is  generally  supposed  to  be  some  sort 

*  At  this  point  the  lecture  was  illustrated  by  an  experiment.  An  insulated 
conducting  cylinder  was  shielded  by  an  earthed  metal  cylinder,  and  connected 
by  means  of  a  wire  to  a  quadrant  by  a  DolcZaIck  electrometer,  whose  other 
quadrant  was  connected  to  the  electrometer  case,  which  was  mounted  on  an 
insulating  support.  From  the  electrometer  mirror  a  spot  of  light  was  reflected 
to  a  scale  on  the  screen.  l>y  means  of  a  fan  a  current  of  air  could  be  drawn 
through  the  space  between  the  two  cylinders.  A  battery  of  150  volts  main- 
tained a  difference  of  potential  between  the  two  cylinders,  so  that  if  ions 
were  drawn  into  this  region  by  the  fan,  those  of  appropriate  sign  were  driven 
across  to  the  central  cylinder  and  so  caused  a  deflection  of  the  spot  of  light. 

By  means  of  this  apparatus,  the  ions  introduced  into  the  air  entering  the 
cylinders,  by  means  of  a  match  flame,  and  a  tube  of  radium  held  over  the  open 
end  were  made  evident. 
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of  an  ether  pulse,  but  not  primarily  of  as  material  a  nature  as  the 
a  or  fS  particle. 

Now  all  of  these  radiations  possess  the  power  of  ionizing, 
either  directly  or  indirectly,  a  gas  through  which  they  pass.  The 
a  particles  are  very  etificient  ionizers;  and,  so  busily  do  they  set 
about  their  work,  that  they  expend  all  their  available  energy  in 
this  process  and  come  to  rest  in  passing  through  only  a  few 
centimetres  of  air.  The  fi  particles  are  much  less  efficient  ion- 
izers. They  pass  through  the  gas  with  but  little  commotion,  and 
may  travel  several  metres  before  coming  to  rest.  The  y  rays  are 
still  more  penetrating  and  less  efficient  ionizers  than  the  /3  par- 
ticles; and  their  intensity  still  retains  36  per  cent,  of  its  initial 
value  after  they  have  passed  through  100  metres  of  air. 

Now  the  soil  contains  radium  and  other  substances  of  this 
nature,  and  these  give  rise  to  active  gaseous  emanations  which 
diffuse  out  into  the  atmosphere.  During  the  disintegration  of 
these  emanations  in  the  atmosphere,  a,  /?,  and  y  rays  are  emitted 
with  the  result  that  the  air  becomes  ionized  and  is  rendered 
conducting.  The  amount  of  radium  emanation  in  the  atmos- 
phere varies  very  much  from  time  to  time.  It  is,  however,  always 
extremely  small.  In  a  shell  of  the  atmosphere  extending  over 
the  whole  of  the  earth's  surface  and  comprised  between  that  sur- 
face and  an  altitude  of  one  kilometre,  we  shall  find  only  about  250 
grammes  of  radium  emanation.  Or,  expressing  this  magnitude 
in  another  form,  we  may  say  that  each  cubic  centimetre  of  the 
atmosphere  contains  on  the  average  only  between  one  and  two 
molecules  of  radium  emanation,  as  compared  with  the  thirty  mil- 
lion million  million  molecules  of  air  which  it  holds.  Neverthe- 
less, by  adding  up  the  ionization  produced  by  the  a,  ^,  and  y 
rays  from  the  emanation  and  its  products  we  are  able  to  account 
for  the  production  of  1.7  ions  per  second  in  each  cubic  centimetre 
of  the  atmosphere.  In  addition  to  radium  emanation,  another 
radioactive  gas,  thorium  emanation,  is  also  to  be  found  in  the 
atmosphere  and  contributes  to  the  ionization.  Again,  a  certain 
amount  of  atmospheric  ionization  is  attributable  to  the  radio- 
active materials  in  the  soil.  Here  we  are  only  concerned  with  the 
y  ray  ionization,  since  the  a  and  ft  rays  are  so  readily  absorbed 
that  they  never  succeed  in  getting  out  of  the  soil.  The  soil  con- 
tains, on  an  average,  about  4x  lo'^^  gramme  of  radium  per  c.c, 
and,  by  calculating  the  amount  of  y  radiation  which  can  be 
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accounted  for,  after  allowing  for  the  absorption  of  the  rays 
coming  from  dififerent  depths  in  the  soil,  we  find  enough  to  pro- 
vide for  the  production  of  0.80  ion  per  c.c.  per  second.  In  a 
similar  way,  the  thorium  in  the  soil  is  found  to  be  capable  of 
accounting  for  a  rate  of  production  of  0.80  ion  per  c.c.  per  second. 

Table  I. 
Ionization  of  the  Atmosphere  by  Radioactive  Material. 


Type 

Whence 

Radium 

Thorium 

Total 

a  rays 
/?  rays 
y  rays 
y  rays 

Air 
Air 
Air 
Earth 

1.63 
0.035 
0.035 
0.80 

1. 00 
0.025 
0.025 
0.80 

2.63 
0.06 
006 
1.60 

2.50 

1.85 

4-35 

These  results  on  the  amount  of  ionization  which  the  radio- 
active material  is  capable  of  accounting  for  are  summarized  in 
the  accompanying  table  taken  from  a  paper  by  A.  S.  Eve  ^ ;  and  it 
appears  that,  altogether,  a  rate  of  production  of  4.35  ions  per  c.c. 
per  second  can  be  accounted  for  in  this  way.  From  a  knowledge 
of  the  rate  at  which  ions  recombine  we  can  calculate  the  number 
to  which  they  would  build  up  in  the  atmosphere  on  account  of  a 
rate  of  production  of  4.35  ions  per  c.c.  per  second,  and  the  result 
comes  out  to  1320  ions  of  each  sign  per  c.c. 

Measurements  of  the  numbers  of  ions  per  c.c.  in  the  atmos- 
phere are  attended  with  considerable  difficulty,  for  all  sorts  of 
different  types  are  present.  In  particular,  there  is  a  class  of  ion 
which  is  very  sluggish  in  its  motion,  and  which  is  probably  noth- 
ing more  than  an  ordinary  ion  which  has  attached  itself  to  a  dust 
particle.  On  account  of  their  sluggishness,  these  ions  contribute 
very  little  to  the  conductivity,  but  they  nevertheless  influence  the 
requirements  in  the  matter  of  rate  of  production  of  ions;  for, 
they  contribute  to  the  rate  at  which  the  ions  recombine.  It  has 
been  customary  to  measure  the  numbers  of  ions  per  c.c.  by  a 
method  which  takes  account  of  the  most  mobile  ions  only,  and  it 
appears  that  about  800  pairs  of  these  exist  per  c.c.  Thus,  quite 
apart  from  the  direct  evidence  of  the  existence  of  the  sluggish 
ions,  we  may  conclude  that  ions  of  this  type  must  be  present. 

' "  On  the  Ionization  of  the  Atmosphere  due  to  Radioactive  Matter."  Phil. 
Mag.,  S.  6,  vol.  xxi,  pp.  26-40,  191 1. 
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since  the  radioacitve  material  in  the  air  and  soil  is  alone  capable 
of  accounting  for  1320  ions  per  c.c. 

The  uncertainty  of  our  knowledge  of  the  true  average  values 
for  the  total  numbers  of  ions  of  all  kinds,  and  of  the  appropriate 
rates  of  recombination,  prevents  us  from  doing  more  than  to  say 
that,  as  far  as  measurements  on  land  are  concerned,  the  radio- 
active material  in  the  air  and  earth  is  sufficient  to  account  for 
the  whole  of  the  ionization  produced.  A  difificulty  presents  it- 
self, however,  when  we  consider  the  results  of  observations  made 
over  the  sea.  Those  who  have  made  observations  over  the  ocean 
have  found  very  little  radioactive  material.  Some  of  the  most 
recent  observations  have  been  made  on  the  yacht  Carnegie,  owaied 
by  the  Carnegie  Institute  of  Washington;  and,  as  a  result  of 
obser\-ations  extending  over  about  50,000  miles  in  the  Pacific 
and  Sub-Antarctic  Oceans,  an  average  radioactive  content  was 
found,  for  the  atmosphere,  amounting  to  only  2.5  per  cent,  of 
that  found  on  land,  and  the  radioactive  content  of  the  sea  w^ater 
collected  in  regions  remote  from  land  was  immeasurably  small. 
Nevertheless,  the  number  of  the  more  mobile  ions  found  per  c.c. 
over  the  ocean  is  as  great  or  greater  than  that  found  over  land, 
as  will  be  seen  from  Table  II,  which  represents  a  comparison  of 
the  results  of  the  Carnegie's  fourth  cruise  with  those  obtained  by 
other  observers  at  sea,  and  with  land  values.  The  number  of  ions 
is  much  larger  than  can  be  accounted  for  by  the  small  quantity  of 
radioactive  material  in  the  ocean  air. 

Table  II. 
Comparison  of  Land  and  Sea  Values  of  the  Ionic  Content. 


Nature  of  observations 

Number  of  positive 
ions  per  c.c. 

Nurnber  of  negative 
ions  per  c.c. 

Mean  of  land  observations  obtained  by  vari- 
ous observers 

737 
804 

736 

668 

Mean  of  ocean  values  for  the  fourth  cruise  of 
the  Carnegie 

Mean  of  former  ocean  values  obtained  by 
various  observers 

677 

588 

\\'hat,  then,  is  the  agency  responsible  for  the  ionization  over 
the  ocean?  It  appears  to  be  the  so-called  "penetrating  radia- 
tion." If  a  hermetically  sealed  vessel  is  freed  from  radioactive 
air,  we  nevertheless  find  that  ions  are  produced  in  it  at  a  fairly 

Vol.  188,  No.  11 27 — 43 
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constant  rate  of  about  lo  ions  per  c.c.  per  second  over  the  land. 
An  appreciable  proportion  of  this  ionization  is  due  to  the  y  ray 
radiation  which  comes  from  the  soil  and  passes  through  the  walls 
of  the  vessel.  That  the  whole  of  it  is  not  due  to  this  cause  is, 
however,  borne  out  by  several  circumstances.  In  the  first  place, 
ionization  in  closed  vessels  is  found  to  take  place  over  the  ocean, 
where  there  is  practically  no  radioactive  material,  and  it  there 
amounts  to  about  4  ions  per  c.c.  per  second  in  a  copper  or  a  zinc 
vessel.  Secondly,  if,  in  experiments  on  land,  the  apparatus  is 
surrounded  by  a  wall  of  water  of  sufficient  thickness  to  shield  ofif 
practically  completely  the  y  ray  radiation  from  the  earth,  there 
still  remains  a  rate  of  production  of  about  4  ions  per  c.c.  per 
second.  But  the  strongest  evidence  of  the  reality  of  the  pene- 
trating radiation  is  to  be  found  in  the  results  obtained  in  balloon 
ascents  by  W.  Kolhorster.*  It  appears  that,  with  increase  of  alti- 
tude, the  ionization  within  a  closed  vessel  at  first  diminishes  up 
to  an  altitude  of  700  metres.  This  we  should  expect  as  a  result 
of  the  absorption  of  the  earth's  y  ray  radiation  by  the  atmos- 
phere. Above  this  altitude  an  astonishing  thing  happens,  how- 
ever. The  ionization  commences  to  increase,  and  goes  on  increas- 
ing with  greater  and  greater  rapidity  until,  at  an  altitude  of  9000 
metres,  the  intensity  of  ionization  is  in  excess  of  that  at  the 
earth's  surface  by  about  80  ions  per  c.c.  per  second.  An  increase 
of  20  ions  per  c.c.  per  second  takes  place  in  the  last  kilometre,  and 
the  rapidity  of  the  increase  at  these  higher  altitudes  is  such  as  to 
suggest  that  very  large  values  of  the  ionization  would  be  obtained 
at  altitudes  not  very  much  greater. 

It  thus  appears  that  there  is  some  source  of  ionization  other 
than  the  radioactive  materials  in  the  soil  and  lower  atmosphere ; 
and  this  agency,  whatever  its  origin,  appears  to  be  the  sole  source 
of  ionization  over  the  ocean.  The  rate  of  production  of  ions 
must  certainly  be  greater  over  the  land  than  over  the  ocean  by 
the  amount  attributable  to  the  radioactive  materials  on  land.  It 
is  probable,  however,  that  over  the  land,  where  dust  nuclei  are 
more  plentiful  than  over  the  ocean,  a  much  larger  proportion  of 
the  ions  produced  join  the  slowly  moving  class  than  is  the  case 
with  the  ions  produced  over  the  ocean;  and  it  is  to  this  cause 
that  we  must  attribute  the  fact  that  the  ionic  density  for  the  more 
mobile  ions  is  no  greater  over  the  land  than  over  the  sea. 
*  Aerophysikalischer  Forschungsfonds  Halle,  Abhandlung  14. 
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To  return  to  the  remarkable  increase  with  altitude  shown  by 
the  ionization  within  closed  vessels.  Such  a  variation  at  once 
suggests  a  radiation  coming  from  some  source  external  to  our 
globe,  or  from  some  active  agency  in  the  upper  regions  of  the 
atmosphere,  the  decrease  in  intensity  encountered  as  we  descend 
into  the  atmosphere  being  accounted  for  by  absorption.  The 
rapidity  of  the  absorption  can  be  calculated  from  the  observations 
on  the  variation  of  intensity  with  altitude;  and.  it  appears  that 
the  observations  require  us  to  assume  for  the  radiation  a  pene- 
trating power  ten  times  that  of  the  most  penetrating  7  rays  known 
in  radioactive  substances.  We  must  not  be  too  greatly  skeptical 
as  to  the  possibility  of  the  existence  of  so  penetrating  a  radiation, 
for  light  itself  is  extremely  penetrating  as  regards  air,  since  we 
can  see  the  stars  through  the  whole  thickness  of  our  atmosphere. 
The  "  penetrating  radiation  "  is  not  light,  however,  for  it  can 
pass  through  the  walls  of  a  metal  vessel.  Its  true  origin  remains 
one  of  the  most  interesting  speculations  of  atmospheric  elec- 
tricity. Linke  has  suggested  a  layer  of  strongly  radioactive  cos- 
mical  dust  in  the  atmosphere  at  an  altitude  of  20  kilometres. 
For  my  own  part,  it  seems  more  natural  to  seek  an  explanation 
from  another  stand-point. '^ 

It  is  generally  supposed  that  the  Aurora  is  due  to  light  gen- 
erated by  the  impact,  with  our  atmosphere,  of  negative  electrons 
shot  from  the  sun.  The  stream  of  electrons  is  not  confined  to  the 
sunlit  side  of  the  earth,  since  the  paths  of  the  electrons  are  bent 
in  passing  through  the  earth's  magnetic  field,  and  some  enter  our 
atmosphere  on  the  side  remote  from  the  sun.  Now  it  is  a  well- 
established  fact  that  when  electrons  strike  molecules  of  matter 
X  rays  are  produced.  The  greater  the  velocity  of  the  electrons, 
the  higher  the  penetrating  power  of  the  X  rays  produced,  y  rays 
themselves  are  nothing  more  than  a  particularly  penetrating  type, 
of  A''  rays.  Modern  developments  in  our  knowledge  of  X  rays 
and  y  rays  have  taught  us  how  to  calculate  the  velocity  which  an 
electron  must  have  in  order  to  produce  y  rays  of  any  given  degree 
of  penetration.  Now,  from  considerations  of  the  theory  of  the 
Aurora,  into  which  time  will  not  permit  me  to  enter,  Birkeland 
has  shown  that  it  is  necessary  to  assume  that  the  electrons  which 
are  responsible  for  this  phenomenon  have  an  energy  enormously 

'  The  paragraph  following  this  remark  was  not  included  in  the  lecture 
as  given. 
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greater  than  that  of  even  the  swiftest  /?  rays  with  which  we  are  fa- 
mihar  in  the  laborator}-;  and,  if  we  invoke  the  assistance  of  these 
high-speed  electrons  necessitated  by  the  theory  of  the  Aurora,  we 
find  that  their  speed  is  sufficiently  great  to  account  for  the  produc- 
tion of  a  7  ray  radiation  of  a  degree  of  penetration  fully  as  great 
as  that  of  the  "  penetrating  radiation."  The  electrons  themselves 
are  not  the  "  penetrating  radiation  "  for,  in  spite  of  their  great 
energy,  they  could  not  travel  right  through  our  atmosphere.  By 
conversion  of  their  energy  into  the  y  ray  type,  however,  a  radia- 
tion of  much  greater  penetrating  power  is  created. 

ATMOSPHERIC-ELECTRIC    MEASUREMENTS. 

Time  will  not  permit  an  extensive  discussion  of  atmospheric- 
electric  measurements ;  but  a  general  survey  of  this  field  may 
perhaps  best  be  given  by  a  very  brief  description  of  the  procedure 
adopted  on  the  Carnegie's  fourth  cruise,  in  respect  of  which  it 
fell  to  my  lot  to  plan  the  work  and  devise  the  instruments  and 
methods  of  measurement. 

The  quantities  measured  were :  The  potential-gradient,  the 
conductivities  arising  from  the  positive  and  negative  ions,  the 
numbers  of  positive  and  negative  ions  per  cubic  centimetre, 
the  radioactive  content  of  the  atmosphere  and  of  the  sea  water, 
the  numbers  of  pairs  of  ions  produced  per  c.c.  per  second  in  a  her- 
metically sealed  vessel,  and  the  diurnal  variations  of  the  potential- 
gradient  and  ionic  density.  The  ionic  mobilities  were  calculated 
from  the  results  for  conductivity  and  ionic  density,  and,  in  addi- 
tion, the  pressure,  temperature,  and  humidity  were  measured. 

Electroscopes. — All  the  measurements  require,  at  some  stage 
of  the  operation,  the  use  of  an  electroscope.  It  will  be  recalled 
that  the  ordinary  type  of  electroscope  consists  of  two  gold  leaves 
suspended  on  a  rod  which  is  fixed  in  an  insulating  plug,  and  sur- 
rounded by  a  metal  case.  This  type  is  quite  unsuitable  for  use 
at  sea,  on  account  of  the  disturbing  influence  of  the  motion  of  the 
ship.  Within  recent  years,  however,  another  type  of  electroscope 
has  been  devised,  in  which  the  controlling  force  is  brought  about 
by  a  method  independent  of  gravity.  In  one  form  of  the  instru- 
ment, the  bi-filar  electroscope  of  Wulf,  the  gold  leaves  of  the 
older  electroscopes  are  replaced  by  two  quartz  fibres  coated  with 
])latinum  to  render  them  conducting.  At  their  upper  ends,  the 
fibres  are  soldered  to  the  main  terminal  of  the  instrument,  and 
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their  lower  ends  are  attached  to  a  quartz  bow  whose  ends  are 
fixed  to  a  frame.  When  the  fibres  are  charged,  they  repel  each 
other,  and  the  resulting  motion,  which  can  be  read  l)y  a  micro- 
scope with  a  scale  in  the  eye-piece,  is  resisted  by  the  quartz  bow. 
This  instrument  is  very  convenient  where  sensitivities  of  the 
order  of  magnitude  of  2  volts  per  division,  and  working  ranges 
of  about  20  to  250  volts  are  required. 

Another  convenient  form  of  quartz-fibre  electroscope  of  a 
design  devised  by  W'ulf,  comprises  a  single  platinized  quartz  fibre 
attached  at  its  lower  end  to  a  quartz  bow  and  at  its  upper  end  to 
the  main  terminal  of  the  instrument.  Two  insulated  metal  plates 
are  mounted  with  their  planes  parallel  to  each  other  and  to  the 
quartz  fibre,  one  plate  being  mounted  on  each  side  of  the  fibre. 
The  case  of  the  instrument  being  earthed,  these  plates  may  be 
charged  respectively  to  +100  and  -100  volts,  or  to  any  convenient 
amount  by  batteries,  and  a  charge  communicated  to  the  fibre  will 
then  cause  a  deflection.  The  deflection  for  a  given  potential 
applied  to  the  fibre  increases  with  the  field  betW'Cen  the  plates, 
and  with  diminution  of  tension  on  the  fibre,  which  latter  may  be 
varied  by  moving  the  bow  support  up  and  down  by  means  of  a 
suitable  screw.  In  the  laboratory  it  is  not  difficult  to  obtain  a  sen- 
sitivity of  100  divisions  per  volt,  although  on  board  ship  a 
sensitivity  of  from  5  to  10  divisions  per  volt  is  found  more  desir- 
able. On  account  of  their  freedom  from  the  effects  of  tilt,  and 
on  account  of  their  small  electrical  capacities,  these  two  types  of 
electroscope  have  been  found  the  most  convenient  forms  for 
use  at  sea. 

Potential-Gradient. — In  former  work  on  both  land  and  sea, 
the  customary  method  of  measuring  the  potential-gradient  has 
been  the  following : 

An  insulated  rod  is  caused  to  project  from  the  wall  of  a  house, 
or  the  rail  of  the  ship,  as  the  case  may  be,  and,  to  the  external  end 
of  the  rod,  a  plate  coated  with  radioactive  material  is  attached. 
The  other  end  of  the  rod  is  attached  to  an  electrometer  or  electro- 
scope. Now,  on  account  of  the  potential-gradient,  there  is  ordi- 
narily a  difference  of  potential  between  the  wall  of  the  house  (or 
the  rail  of  the  ship)  and  a  point  some  distance  away  from  it.  The 
radioactive  plate  renders  the  air  in  its  immediate  vicinity  con- 
ducting, and  electricity  consequently  flow^s  to  the  rod  until  it 
attains  the  potential  of  the  air  at  its  external  end,  as  determined 
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by  the  electrical  field  of  the  earth,  modified  by  the  presence  of  the 
apparatus  itself.  The  quantity  measured  by  the  electrometer  may 
be  looked  upon  as  proportional  to  the  potential-gradient;  and,  in 
order  to  obtain  absolute  values,  it  is  necessary  to  make  a  set  of 
measurements  simultaneously  over  some  flat  surface  in  such  a 
manner  that  the  measurements  are  independent  of  the  distortion 
brought  about  by  the  apparatus  itself.  The  chief  disadvantages 
associated  with  this  form  of  apparatus  for  work  aboard  ship  lie 
in  the  slowness  of  its  action,  which  necessitates  very  perfect 
insulation  if  accurate  results  are  to  be  obtained.     Further,  since 

Fig.  3- 


the  motion  of  the  ship  continually  alters  the  distance  between  the 
end  of  the  rod  and  the  water,  the  potential  recorded  can  only  be 
looked  upon  as  a  sort  of  average.  In  order  to  overcome  these 
difiiculties,  the  apparatus  illustrated  in  Fig.  3  was  constructed. 
The  instrument  consists  of  a  brass  tube  A  fixed  at  one  end  to  an 
axle,  so  that  it  can  rotate  in  a  plane  containing  the  fore-and-aft 
line  of  the  ship.  The  axle  is  mounted  on  supports  fixed  to  the 
stern  rail  of  the  ship,  and  the  projecting  end  of  the  brass  tube 
carries  a  disc  B,  made  in  the  form  of  a  skeleton  of  a  parasol,  and 
covered  with  gauze  not  shown  in  the  figure.  The  huidle  C,  by 
which  the  rotation  is  brought  aboiU,  is  insulated   from  the  axle. 
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and  the  latter  is  itself  insulated  from  earth  by  causing  it  to  work 
in  brass  tubes  fixed  into  their  supports  with  sulphur  insulation. 
The  axle  is  connected  by  a  thin  wire  to  a  W'ulf  bi-filar  electro- 
scope D.  the  wire  and  axle  being  in  the  same  line.  It  is  arranged 
that,  when  the  brass  tube  is  vertical  and  the  parasol  attachment 
downward,  the  electroscope  system  is  earthed.  On  rotating  the 
tube  to  some  other  position,  fixed  by  a  stop,  a  deflection  propor- 
tional to  the  potential-gradient  is  obtained  in  the  electroscope. 
Insulation  difticulties  are  entirely  overcome,  since  the  leakage 
occurring  during  the  turning  of  the  handle  from  one  position  to 
another  is  negligible.  Further,  the  operation  can  be  performed 
so  quickly  that  readings  may  always  be  taken  at  the  same  position 
of  tilt  of  the  ship  as  determined  by  a  spirit  level. 

Conductivity  and  Ionic-Content. — The  conductivity  contrib- 
uted to  the  atmosphere  by  the  ions  of  either  sign  is  the  product 
of  the  number  of  these  ions  per  c.c.  the  charge  on  an  ion,  and  the 
ionic  mobility,  which  is  the  velocity  w'hich  the  ion  would  attain 
under  unit  electric  field.  The  method  which  is  usually  employed 
for  measuring  the  conductivity  of  the  air  is  that  due  to  Gerdien. 
In  this  method,  air  is  drawn  by  a  fan  through  the  space  between 
two  concentric  cylinders,  the  central  member  of  which  is  charged 
and  connected  to  an  electroscope.  The  theory  of  the  instrument 
shows  that,  so  long  as  the  velocity  of  the  air-current  is  large 
enough  to  insure  that  the  central  cylinder  is  unable  to  extract  from 
the  air  all  of  the  ions  which  it  attracts  as  the  air  passes  through. 
the  rate  of  loss  of  charge  by  the  cylinder  is  independent  of  the 
air  velocity,  and  depends  only  upon  the  conductivity  contributed 
by  the  ions  of  sign  opposite  to  the  charge  on  the  central  cylinder. 
Under  these  conditions,  measurements  of  the  potential  of  the  cen- 
tral cylinder  at  two  different  times  during  the  passage  of  the  air 
current,  combined  with  the  knowledge  of  certain  electrical  capaci- 
ties associated  with  the  instrument,  enable  the  conductivity  in 
question  to  be  deduced.  If  the  velocity  is  so  small  that  all  of  the 
ions  of  sign  opposite  to  that  on  the  central  cylinder  are  drawn 
thereto  as  the  air  passes  through,  the  indications  of  the  instru- 
ment do  depend  upon  the  velocity  of  the  air;  in  fact,  the  rate  of 
loss  of  charge  is  proportional  to  the  velocity  of  the  air  under 
these  circumstances,  since  the  air  is  robbed  of  all  of  its  ions  as 
it  passes  through  the  space  between  the  cylinders.  A  knowledge 
of  the  rate  of  flow  of  the  air  then  enables  one  to  deduce,  from  the 
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indications  of  the  instrument,  the  number  of  ions  per  cubic  centi- 
metre. The  chief  disadvantage  of  this  type  of  instrument  for 
measuring  the  ionic  densities  Hes  in  its  lack  of  sensitivity.  In 
the  usual  form  of  instrument,  the  central  cylinder  is  connected  to 
a  Wulf  electroscope  of  the  bi-filar  type  reading  up  to  about  200 
volts,  and  the  outer  cylinder  is  earthed.  The  rate  of  movement 
of  the  fibres  when  the  air  flows  through  the  instrument  under 
these  conditions  is  extremely  slow,  and  as  much  as  half  an  hour 
may  be  necessary  to  obtain  a  single  satisfactory  observation.  The 
result  of  this  is  that,  in  some  measurements — for  example  those 
of  ionic  mobilities,  in  which  it  is  necessary  to  assume  constancy 
of  the  ionic  content  of  the  atmosphere  over  the  period  of  two 
measurements — the  departure  from  this  condition  is  frequently 
sufficient  to  cause  the  quantity  measured,  which  is  essentially  a 
positive  quantity,  to  come  out  negative  in  the  calculations. 

In  order  to  increase  the  sensitivity  and  rapidity  of  action  of 
the  instrument,  I  devised  a  modified  form,  in  which  the  central 
cylinder  of  the  apparatus  is  connected  to  the  fibre  of  a  unifilar 
electroscope  of  the  Wulf  type,  the  sensitivity  of  which  is  made  as 
great  as  is  desired.  The  potential  of  the  fibre  is  never  allowed  to 
depart  far  from  zero,  and  the  necessary  field  is  obtained  by  insulat- 
ing and  charging  the  outer  cylinder  to  about  150  volts.  On 
releasing  the  fibre  from  earth  it,  of  course,  starts  to  move  at  a 
rate  determined  by  the  rate  of  supply  of  electricity  to  the  central 
system  from  the  air.  The  fact  that  the  central  system  is  never 
allowed  to  depart  far  from  zero  potential  also  enormously  reduces 
the  leakage  error,  which  otherwise  would  become  a  very  serious 
consideration,  especially  in  work  at  sea.  Indeed,  leakage  may  be 
entirely  compensated  by  starting  observations  with  the  fibre 
charged  in  such  a  sense  that  it  crosses  the  zero  point  during  the 
observation,  for  it  may  then  be  arranged  that  the  fibre  readings 
which  are  chosen  as  the  bases  of  the  measurements  lie  at  equal 
distances  on  each  side  of  the  zero.  In  order  to  avoid  an  alteration 
of  the  number  of  ions  entering  the  apparatus,  by  the  charge  on 
the  outer  cylinder,  the  latter  is  surrounded  by  yet  another  cylinder 
which  is  insulated  from  it  and  earthed.  Even  this  does  not  en- 
tirely overcome  the  difficulty,  however,  as  will  readily  be  surmised 
when  it  is  remembered  that  the  potential  of  a  point  a  short  dis- 
tance outside  the  cylinder  is  zero,  and  that  of  a  point  a  short 
distance  inside  is  about  150  volts,  so  that  the  ions,  in  order  to  get 
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in,  have  to  move  in  opposition  to  electric  forces.  In  order  to 
completely  eliminate  this  difficulty,  the  central  cylinder  is  provided 
with  an  additional  attachment  which  it  is  unnecessary  to 
describe  here.*^ 

Except  in  matters  of  detail,  the  method  of  measuring  the  con- 
ductivity on  the  Carnegie  is  the  same  as  that  due  to  Gerdien.  The 
fan  is.  however,  driven  by  an  electric  motor  instead  of  by  hand, 
so  that  a  larger  current  of  air  is  obtained,  and  greater  sensitivity 
can  be  secured  by  the  employment  of  a  higher  potential  on  the 
central  system  than  would  be  otherwise  possible.  The  apparatus 
is  illustrated  in  Fig.  4. 

Fig.  4. 


Since  good  insulation  is  essential  to  such  measurements  as 
these,  it  is  desirable  that  the  parts  of  the  apparatus  which  contain 
insulating  materials  shall  be  well  protected.  For  this  reason,  a 
small  observatory  has  been  erected  aboard  the  Carnegie,  and  this 
observatory  houses  the  apparatus  for  the  measurement  of  con- 
ductivity, ionic  density,  penetrating  radiation,  and  part  of  the 
apparatus  for  the  determination  of  the  radioactive  content  of  the 
atmosphere.  It  is  arranged  that  the  cylinders  which  receive  the 
air  project  through  the  roof  of  the  observatory,  but  the  electro- 
scope systems  are  mounted  permanently  inside.  The  advantage 
of  this  arrangement  lies  in  the  fact  that,  in  so  far  as  the  tempera- 
ture of  the  inside  of  the  observatory  is  always  above  the  dew 

'  Terr.  Mag.,  vol.  xix,  p.  171,  1914. 
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point  of  the  air  outside,  condensation  on  the  insulated  parts  is 
less  likely  to  occur  than  if  the  apparatus  were  exposed  to  the 
open  air. 

Measurement  of  the  Penetrating  Radiation. — For  the  meas- 
urement of  the  number  of  pairs  of  ions  produced  per  cubic  centi- 
metre per  second  in  a  closed  vessel,  an  air-tight  copper  vessel  of 
2/  litres  capacity  is  employed.  A  rod  which  is  insulated  from 
the  copper  vessel  is  connected  to  the  fibre  of  a  vmi filar  electro- 
scope. The  copper  vessel  is  charged  to  a  potential  sufficiently 
high  to  cause  saturation  for  the  ionization  produced  inside,  so 
that  on  releasing  the  fibre  from  earth,  the  central  system  charges 
up  at  a  rate  determined  by  the  rate  of  production  of  ions  in  the 
vessel.  The  insulating  material  separating  the  central  rod  from 
the  vessel  is,  of  course,  divided  into  two  parts  by  -a  guard  ring 
which  is  earthed,  thus  minimizing  leakage  from  the  copper  vessel 
across  the  amber.    The  whole  apparatus  is  mounted  on  a  gimbal. 

Measurement  of  the  Radioactive  Content  of  the  Atmosphere. 
— In  measurements  of  the  radioactive  content  of  the  atmosphere, 
former  investigators  have  largely  used  a  method  due  to  Elster 
and  Geitel,  This  method,  which  depends  for  its  action  upon  the 
fact  that  the  products  of  disintegration  of  the  radium  emanation 
in  the  air  are  for  the  most  part  positively  charged,  consists  in 
allowing  a  long  negatively  charged  wire  to  collect  active  material 
from  the  atmosphere  for  a  period  of  two  hours,  and  then  measur- 
ing the  saturation  current  which  this  active  material  produces 
when  wound  on  a  frame  and  introduced  into  an  ionization 
chamber.  In  this  way  arc  obtained  quantities  from  which  a  sort 
of  comparison  may  be  made  of  the  amounts  of  radioactive  mate- 
rial in  the  atmosphere  at  different  places.  The  theory  of  the 
method  shows,  however,  that,  apart  from  the  fact  that  the  results 
given  are  only  relative,  considerable  uncertainty  attaches  to 
their  interpretation. 

Undoubtedly  one  of  the  best  methods  of  determining  the 
radium-emanation  content  of  the  atmosphere  is  that  which  utilizes 
the  fact  that  when  air  containing  emanation  is  drawn  over  cocoa- 
nut  charcoal,  the  emanation  is  absorbed.  The  emanation  is  sub- 
sequently expelled  by  heating,  and  is  measured  by  its  ionizing 
action.  The  time  required  in  carrying  out  this  method,  and  the 
nature  of  the  aj)paratus  necessary,  is  such  as  to  render  the  method 
imj)ractical)le  for  use  aboard  ship.     The  method  employed  on  the 
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Carncijic  consists  in  drawing  air  between  two  concentric  cylinders 
the  central  one  of  which  is  charged  negatively  to  such  a  high  po- 
tential that  all  of  the  active  carriers  entering  the  concentric  cylin- 
ders are  brought  to  the  central  system.  The  saturation  current 
produced  in  an  ionization  chamber  by  the  active  deposit  collected 
in  a  given  time,  combined  with  a  knowledge  of  the  air-flow  during 
the  deposit,  enables  the  amount  of  active  material  per  cubic  metre 
of  air  to  be  estimated.  The  considerations  and  calculations  in- 
volved in  the  deduction  of  the  absolute  value  of  the  radioactive 
content  are  too  complex  to  be  given  here  in  detail.  The  general 
principle  of  this  method  has  been  used  in  one  form  or  another  by 
several  investigators  on  land,  and  the  principal  modifications 
which  have  been  introduced  in  the  apparatus  on  the  Carnegie  have 
been  made  with  the  object  of  rendering  the  results  more  suscep- 
tible of  accurate  theoretical  interpretation,  and  of  increasing  the 
sensitivity  of  the  apparatus  and  its  adaptability  for  use  at  sea. 

The  collecting  apparatus  as  at  present  employed  is  shown  in 
its  essential  features  in  Fig.  5.  It  consists  of  a  copper  cylinder  A, 
64  cm.  long  and  about  20  cm.  in  diameter,  with  an  anemometer 
at  one  end  and  a  fan  at  the  other.  The  central  system  consists  of 
an  insulated  wooden  cylinder  5,  12  cm.  long,  supported  by  a  rod 
passing  through  its  axis  and  insulated  from  it  by  sulphur  S.  The 
surface  of  the  w^ooden  cylinder  is  covered  by  copper  foil,  held  on 
by  rubber  bands,  and  it  is  on  this  foil  that  the  deposit  is  collected. 
Earthed  metal  caps  CC  attached  to  the  central  rod  fit  over  the  top 
and  bottom  of  the  central  cylinder  without  touching  it,  and 
insure  that  the  deposit  of  the  active  material  is  confined  to  the 
copper  foil. 

A  large  air  current  is  necessary  if  a  large  amount  of  deposit 
is  to  be  obtained ;  and,  in  order  to  secure  saturation  with  a  reason- 
ably low  potential  on  the  central  cylinder  it  is  necessary  that  the 
latter  shall  be  large.  A  large  cylinder  when  subsequenly  intro- 
duced into  the  ionization  charnber,  so  as  to  form  the  central 
system  there,  would  reduce  the  sensitivity  in  the  ionization  meas- 
urements, however,  on  account  of  the  large  capacity.  For  this 
reason,  the  central  system  of  the  ionization  chamber  is  formed  of 
a  thin  rod,  and  the  foil,  after  removal  from  the  inner  cylinder  of 
the  collecting  apparatus,  is  bent  over  and  made  to  line  the  walls 
of  the  ionization  chamber,  with  the  active  surface  facing  inwards. 
In  this  way  the  foil  does  not  contribute  to  the  capacity  of  the 
system.    The  height  of  the  ionization  chamber  is  about  twice  that 
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of  the  foil  cylinder,  so  that  the  latter  covers  only  the  central  por- 
tion of  the  wall  of  the  chamber.  In  this  way  are  avoided  difficul- 
ties arising  from  uncertainties  which  would  otherwise  be  intro- 
duced in  a  knowledge  of  the  fraction  of  the  a  particles  travelling 
any  assigned  portion  of  their  range  in  the  vessel.  The  central 
system  of  the  ionization  chamber  is  attached  to  a  unifilar  electro- 

FiG.  5- 


scope,  and  the  potential  is  applied  to  the  outer  vessel,  the  whole 
being  mounted  on  a  gimbal. 

The  radioactive  content  of  the  sea  water  is  obtained  by  evapo- 
rating samples  of  the  water  to  dryness  and  sending  the  residues  to 
Washington,  where  the  activities  are  determined. 

It  has  been  my  object  to  give  a  brief  description  of  the  methods 
and  appliances  used  on  the  Carnegie's  fourth  cruise  as  an  ilUistra- 
tion  of  the  general  processes  which  one  must  employ  in  work  of 
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this  kind.  I  will  not.  however,  here  enter  into  a  general  discussion 
of  the  results  of  that  cruise,  for.  to  do  so  would  devote,  to  a  special 
tield.  too  great  a  proportion  of  a  lecture  in  which  the  subject  of 
atmospheric  electricity  in  general  is  the  main  theme.  I  have  given 
a  discussion  of  the  results,  and  a  more  complete  account  of  the 
instruments  and  methods  in  a  paper  "  Results  of  Atmospheric- 
Electric  Observations  Made  Aboard  the  Galilee  (1907-1908), 
and  the  Carnegie  (1909-1916),"'^  to  which  I  will  refer  those 
interested  in  fuller  information  on  the  subject.  I  cannot  leave 
this  matter,  however,  without  paying  a  tribute  to  the  energ}^  and 
enthusiasm  of  the  various  observers,  who,  in  spite  of  the  most 
severe  climatic  conditions,  for  example  in  the  tempestuous  regions 
of  the  sub-antarctic  oceans,  labored  with  such  faithfulness  to 
make  the  atmospheric-electric  work  of  the  cruise  a  success. 

THE  MAINTENANCE  OF  THE  EARTH'S  CHARGE. 

I  now  come  to  the  all-important  question  of  the  origin  and 
maintenance  of  the  earth's  charge.  The  earth  is  continually  losing 
negative  electricity  owing  to  the  action  of  the  potential-gradient 
operating  in  the  conducting  atmosphere.  The  current  from  a 
square  centimetre  of  the  earth's  surface  is  only  about  2  x  lo-^^ 
amperes.  The  current  from  the  whole  earth  is  only  about  1000 
amperes,  or  about  as  much  as  is  taken  by  3000  incandescent  lamps. 
It  is  nevertheless  sufficient  to  insure  that  90  per  cent,  of  the  earth's 
charge  would  disappear  in  ten  minutes  if  there  were  no  means  of 
replenishing  the  loss.    How  then  is  the  loss  replenished  ? 

One  of  the  earliest  suggestions  was  made  by  G.  C.  Simpson, 
who  supposed,  tentatively,  that  the  sun  emitted  positive  and  nega- 
tive corpuscles  of  a  very  high  penetrating  power.  He  further 
supposed  that  the  penetrating  power  of  the  negative  corpuscles 
was  greater  than  that  of  the  positive  corpuscles,  and  sufficient  to 
enable  them  to  reach  the  earth's  surface,  while  the  positive  cor- 
puscles were  caught  by  the  atmosphere.  In  this  way  the  attempt 
was  made  to  account  for  the  negative  charge  of  the  earth  and  the 
positive  charge  of  the  atmosphere, 

'From  Publication  No.  175  (vol.  iii)  of  the  Carnegie  Institution  of  Wash- 
ington. This  paper,  which  is  published  in  the  joint  names  of  the  Director  of 
the  Department  of  Terrestrial  Magnetism  and  the  present  writer,  contains,  in 
addition,  a  compilation  of  the  reports  of  observers  on  previous  cruises  of 
the  Carnegie  and  Galilee. 
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As  a  matter  of  fact,  it  is  unnecessary  to  go  to  any  special  pains 
to  account  for  the  positive  charge  in  the  atmosphere  provided  that 
we  can  account  for  the  maintenance  of  the  negative  charge  on  the 
surface  of  the  earth.  For,  it  is  an  experimental  fact  that  the 
atmospheric  conductivity  increases  with  altitude  until  its  value  at 
an  altitude  of  nine  kilometres  is  about  thirty  times  the  value  at 
the  earth's  surface.  It  follows  from  this  that  if  the  potential- 
gradient  were  the  same  at  an  altitude  of  nine  kilometres  as  it  is  at 
the  earth's  surface,  more  negative  electricity  would  be  driven  out- 
wards through  a  sphere  at  the  altitude  of  nine  kilometres  and  con- 
centric with  the  earth  than  would  be  driven  out  of  the  earth's 
surface  into  the  atmosphere.  The  shell  of  air  below  the  altitude 
in  question  would  consequently  acquire  a  positive  charge,  so  that 
the  potential-gradient  at  the  altitude  of  nine  kilometres  would  be- 
come less  than  that  at  the  earth's  surface.  The  process  would 
continue  until  the  diminution  of  potential-gradient  with  altitude 
was  just  sufficient  to  compensate  for  the  increase  of  conductivity 
with  altitude  so  as  to  leave  the  conduction  current-density  inde- 
pendent of  altitude. 

The  chief  objection  to  Simpson's  tentative  theory,  however,  is 
one  which  he  himself  supports  in  a  recent  publication,^  viz.,  that 
it  postulates  a  degree  of  penetration  for  the  corpuscles  so  enor- 
mously great  compared  with  any  corpuscular  penetration  we  have 
become  acquainted  with  in  the  laboratory,  since  the  suggestion 
was  put  forward,  that  one  hesitates  to  make  this  hypothesis 
without  further  evidence  of  the  existence  of  such  a  degree 
of  penetration. 

An  early  suggestion  as  to  the  origin  of  the  earth's  charge  came 
from  C.  T.  R.  Wilson.  It  is  known  that,  under  suitable  condi- 
tions, ions  may  act  as  nuclei  for  the  promotion  of  condensation 
of  water  vapor;  and,  since  water  condenses  more  readily  ujxin 
the  negative  than  upon  the  positive  ions,  Wilson  argued  that  rain 
should  be,  on  the  average,  negatively  charged.  It  is  true  that 
rain  is  charged;  but  it  is  charged  sometimes  negatively  and  some- 
times positively;  and,  unfortunately,  it  appears  that  75  per  cent, 
of  the  charge  brought  down  by  rain  is  of  the  positive  sign  ;  that  is, 
of  a  sign  opposite  to  that  required  by  the  theory.  Apart  from 
this,  however,  there  are  several  fatal  objections  to  a  theory  of  this 

'"Some  Problems  of  Atmosplieric  Klectricity."  Monthly  Wcalhcr 
Rcvicii'.  vol.  xliv,  pp.  1 15-122,  1916. 
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kind.  In  the  first  place,  the  fundamental  hypothesis  as  to  the 
condensation  of  water  vapor  upon  the  ions  cannot  be  substantiated 
in  the  case  of  the  atmosphere ;  for  theory  requires  that,  in  order 
that  water  vapor  shall  condense  upon  an  ion,  and  grow  to  a  drop 
of  appreciable  size,  there  shall  be  at  least  a  four-fold  degree  of 
saturation,  and  such  a  condition  of  affairs  is  never  attained  in 
the  atmosphere.  Again,  if  we  suppose  the  replenishment  to  take 
place  through  the  agency  of  rain,  a  positive  charge  equal  to  the 
negative  charge  which  has  been  given  to  the  earth  must  remain 
in  the  particular  portion  of  the  atmosphere  from  which  the  rain 
happens  to  have  come  at  the  time.  This  positive  charge  will  hold 
the  corresponding  negative  charge  at  the  portion  of  the  earth's 
surface  immediately  below  it,  so  that  elsewhere,  at  places  where 
rain  is  not  falling,  there  will  be  no  potential-gradient.  The  diffi- 
culty in  respect  of  this  latter  matter  is  slightly  reduced  if  we 
postulate  the  existence  of  a  very  highly  conducting  layer  in  the 
upper  atmosphere.  For,  in  this  case,  a  separation  of  opposite 
charges  between  earth  and  cloud  will  tend  to  bring  about,  by 
induction,  a  difference  of  potential  between  the  highly  conducting 
layer  and  the  earth's  surface;  and  this  resulting  difference  of 
potential  will  become  distributed  equally  over  the  whole  surface, 
on  account  of  the  high  conductivity  of  the  layer. 

A  theor>'  which  has  attracted  a  great  deal  of  attention  is  one 
originated  by  Elster  and  Geitel,  and  subsequently  modified  by 
Ebert.  If  ionized  air  is  allowed  to  pass  through  a  fine  tube,  it  is 
found,  under  certain  conditions,  that  the  negative  ions  diffuse  to 
the  walls  of  the  tube  more  rapidly  than  the  positive  ions,  with  the 
result  that  the  air  which  emerges  is  positively  charged.  Applying 
this  idea  to  the  atmospheric-electric  problem,  Ebert  argued  that 
the  air  within  the  pores  of  the  ground  must  be  highly  ionized  on 
account  of  the  radioactive  material  in  the  soil,  and  that  during 
the  periods  of  falling  barometric  pressure  this  air  would  come 
out  of  the  pores  into  the  atmosphere,  acquiring  a  positive  charge 
in  the  process  on  account  of  the  smaller  coefficient  of  diffusion  of 
the  positive  ion.  In  this  way  Ebert  supposed  that  the  earth  would 
acquire  a  negative  charge  and  the  atmosphere  a  positive  charge. 
It  is,  at  first  sight,  a  little  difficult  to  see  how  the  positive  charge 
could  rise  to  any  appreciable  altitude  in  opposition  to  the  attrac- 
tion of  the  negative;  but,  in  order  to  account  for  this,  Ebert 
invoked  the  assistance  of  rising  currents  of  air.     The  theory  has 
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been  severely  criticized  by  G.  C.  Simpson,  principally  on  the  basis 
of  conclusions  drawn  from  his  laboratory  experiments,  to  the 
effect  that  the  charging  influence  arising  from  the  diffusion  phe- 
nomenon would  be  far  too  small  to  account  for  the  required  effect. 

Again,  according  to  the  theory,  there  should  be  an  upward 
convection  current  of  positive  electricity  equal  in  total  amount  to 
the  negative  conduction  current.  By  utilizing  data  on  the  density 
of  the  positive  charge  in  the  atmosphere,  and  on  the  upward  con- 
vectional  velocity,  Gerdien  has  concluded  that  the  latter  is  far 
too  small  to  account  for  the  necessary  convection  current.  Quite 
apart  from  these  considerations,  however,  it  may  be  shown  that,^ 
even  if  the  process  did  take  place  according  to  the  method  sup- 
posed by  Ebert,  the  rising  charge  of  positive  electricity  would 
become  absorbed  by  the  action  of  the  negative  conduction  current 
by  the  time  the  air  had  risen  to  a  comparatively  small  altitude,  so 
that  practically  the  whole  of  the  positive  charge  in  the  atmosphere 
would  be  confined  to  a  comparatively  thin  shell  (of  thickness  less 
tlian  a  kilometre  for  example)  near  the  surface  of  the  earth.  The 
potential-gradient  would  consequently  attain  a  sensibly  zero  value 
at  an  altitude  less  than  one  kilometre,  and  this  we  know  to  be  con- 
trary to  the  facts. 

Other  objections  to  the  theory  are  that  it  provides  no  satisfac- 
tory explanation  for  the  existence  of  the  potential-gradient  over 
the  sea,  where  there  is  certainly  no  diffusion  phenomenon  to 
support  the  process.  Neither  does  it  provide  satisfactorily  for  the 
continuation  of  the  process  during  the  periods  when  the  barometer 
is  not  falling.  In  common  with  all  theories  which  attempt  to 
account  for  the  phenomena  by  supposing  a  supply  of  negative  to 
the  earth  and  positive  to  the  atmosphere  at  one  place,  it  is  con- 
fronted with  the  difficulty  that  the  positive  in  the  atmosphere  tends 
to  hold  the  negative  on  the  particular  portion  of  the  earth  imme- 
diately beneath  it,  so  that  at  other  places  the  potential-gradient 
should  be  zero.  It  is  of  little  use  to  invoke  the  aid  of  the  wind 
for  the  transportation  of  the  positively  charged  air  to  regions 
where  the  replenishing  action  is  not  taking  place,  for  theory  shows 
that,  owing  to  the  conductivity  of  the  air,  this  charge  would  dis- 
appear with  great  rapidity  when  the  air  carrying  it  had  passed 
out  of  the  region  of  replenishment."     In  fact,  the  only  way  of 

"W.  F.  G.  Swann :  "On  the  Oripin  and  Maintenance  of  the  Earth's 
Charge."    Terr.  Mcuj.,  vol.  xx,  pp.  io3-i_'('),  1915. 
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accounting,  even  in  part,  for  a  distribution  of  potential-gradient 
over  the  earth's  surface  as  a  result  of  actions  occurring  at  isolated 
places  or  periods,  is  to  fall  back  upon  the  assumption  of  a  very 
highly  conducting  layer  in  the  upper  atmosphere,  as  I  explained 
Nvhen  discussing  C.  T.  R.  Wilson's  condensation  theory. 

The  two  most  striking  phenomena  of  atmospheric  electricity 
requiring  an  explanation  are  the  existence  of  the  "  Penetrating 
Radiation."  and  the  origin  of  the  earth's  charge.  It  would  be  a 
distinct  gain  if  we  could  reduce  these  two  problems  to  one;  if,  for 
example,  we  could  show  that,  whatever  may  l)e  the  explanation 
of  the  "  Penetrating  Radiation,"  provided  only  that  we  are  will- 
ing to  take  its  existence  as  an  experimental  fact,  the  maintenance 
of  the  earth's  charge  must  follow  as  a  necessary  consequence.  I 
think  that  there  is  perhaps  some  hope  in  this  direction  along  lines 
which  I  shall  endeavor  to  explain. 

I  must  first  recall  to  you  one  or  two  facts  in  relation  to  the 
ionization  produced  by  y  rays.  It  will  be  recalled  that  ionization 
consists  in  the  expulsion  of  an  electron  from  a  neutral  atom  by  the 
ionizing  agency.  Now  we  know  as  an  experimental  fact  that 
when  y  rays  ionize,  the  electrons  which  are  emitted  are  shot  off 
almost  entirely  in  the  direction  of  the  incident  y  rays,  at  least  tins 
is  so  for  atoms  of  comparatively  small  atomic  weight.  Thus,  for 
example,  to  quote  some  results  by  W.  H.  Bragg,  it  is  found  that 
if  y  rays  are  allowed  to  fall  upon  a  plate  of  carl^on,  95  per  cent. 
of  the  emitted  electrons  come  off  from  the  side  of  the  plate  at 
which  the  y  rays  leave  the  carbon.  The  more  penetrating  the 
rays,  the  more  pronounced  the  elTect;  further,  the  more  penetrat- 
ing the  rays,  the  greater  the  speed  and  penetrating  power  of  the 
electrons  which  are  shot  off.  Now  remembering  these  facts,  what 
sort  of  action  may  we  expect  to  be  exhibited  by  the  penetrating 
radiation  which  comes  from  above,  supposing  it  to  partake  of  y 
ray  properties  ?  We  may  expect  that  when  the  penetrating  radia- 
tion emits  an  electron  from  an  atom  of  air,  in  the  process  of 
ionizing,  that  electron  will  be  emitted  almost  entirely  in  a 
downward  direction.  Further,  the  great  penetrating  power 
of  the  penetrating  radiation  will  insure  that  the  electrons  emitted 
will  travel  considerable  distances  in  the  atmosphere  before  they 
come  to  rest.  Thus,  in  each  layer  of  air,  we  shall  have  emis- 
sions of  electrons  in  a  downward  direction,  by  the  penetrating 
radiation  from  above,  and  absorption  of  electrons  which  have 
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been  emitted  by  the  penetrating  radiation  from  the  layers  of 
air  above.  The  earth's  surface  will  receive  electrons  from  the 
layers  of  air  which  are,  so  to  speak,  in  striking  distance  of  it, 
and  it  will  consequently  acquire  a  charge.  As  this  charge  grows, 
an  electric  field  will  be  set  up,  and  the  charge  will  increase 
until  this  field  has  attained  a  value  such  that,  owing  to  the 
conductivity  of  the  atmosphere,  as  much  negative  electricity  is 
returned  to  the  various  layers  of  air  as  is  shot  out  of  them  by 
the  action  of  the  penetrating  radiation.  At  each  point  of  the 
atmosphere,  there  will  consequently  be  a  downward  current  of 
electrons  which  have  been  given  high  velocities  by  the  penetrating 
radiation;  this  we  shall  refer  to  as  the  corpuscular  current;  and. 
there  will  be  an  ordinary  conduction  current  which,  while  it  in- 
volves both  positive  and  negative  ions  (moving  in  opposite  direc- 
tions), has  the  effect  of  transferring  the  negative  electricity  back 
to  the  atmosphere.  When  a  condition  of  equilibrium  has  been  at- 
tained, the  corpuscular  current  density  must  balance  the  conduction 
current  density,  and  it  will  be  interesting,  from  this  standpoint,  to 
submit  the  theory  to  examination  as  regards  order  of  magnitude. 
Taking  for  the  purpose  of  illustration  a  simplified  case  where 
the  penetrating  radiation  considered  is  all  directed  vertically 
downwards,  if  q  is  the  number  of  electrons  liberated  per  c.c.  per 
second  by  the  penetrating  radiation,  and  h  the  average  distance 
which  an  electron  travels  from  its  point  of  origin,  in  the  original 
direction  of  its  motion,  the  corpuscular  current  density  will  be 
qch,  so  that  if  zis  the  conduction  current  density,  we  should  have  : 

i  =  qeh 

where  c  is  the  electronic  charge.  If  we  take  account  of  the  fact 
that  the  penetrating  radiation  comes  from  all  directions  contained 
within  a  hemisphere,  the  effect  is  merely  to  introduce  a  factor  0.5 
on  the  right-hand  side. 

Suppose  now  we  put  for  q,  the  value  3,  which  is  approximately 
equal  to  the  portion  of  the  ionization  per  c.c.  per  second  in  a  closed 
vessel,  which  is  due  to  the  radiation  from  above.  Then  putting 
J  =  6.5  X  10-7  electrostatic  unit,  which  is  the  average  value  frcmi  a 
large  number  of  observations,  and  r  =  4.<S  x  lo-i",  we  find  that  // 
must  be  9  metres. 

Now  9  metres  is  by  no  means  a  large  range  of  path  to  assume 
for  electrons  which  are  emitted  by  a  radiation  as  penetrating  as 
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the  '*  Penetrating  Radiation  " ;  for  Eve  has  found  (S  rays  from 
radioactive  substances  having  ranges  as  large  as  7  metres. 

The  theory  is  attended  by  one  difficulty  which  is  not,  I  think, 
vital,  however.  We  know  that  electrons  which  are  emitted  from 
atoms  with  high  speed  will  themselves  ionize  a  gas  through  which 
they  pass,  so  that,  ought  we  not  to  conclude  that  the  very  high- 
energ)-  electrons  which  are  emitted  by  the  penetrating  radiation 
would  themselves  produce  many  more  ions  in  the  atmosphere? 
Ought  we  not  to  conclude,  in  fact,  that  the  three  ions  per  c.c.  per 
second  which  we  have  taken  as  the  basis  of  our  calculations  repre- 
sent the  net  ionization  produced  by  the  ejection  of  the  original 
electrons  and  the  ionization  which  these  electrons  themselves  pro- 
duce subsequently.  An  ordinary  /3  ray  produces  about  40  ions 
per  centimetre  of  its  path,  so  that,  in  its  whole  journey  in  the 
atmosphere,  it  produces  a  very  large  number  of  ions.  If  we  adopt 
this  view  as  to  the  ionization  by  the  electrons  originally  ejected  by 
the  penetrating  radiation  then,  quite  apart  from  all  questions  of 
the  origin  of  the  earth's  charge,  our  views  as  to  the  meaning  of 
the  measurements  made  in  closed  vessels  will  require  very  careful 
scrutiny.  A  close  examination  of  the  matter  shows,  however,  that 
our  primary  difficulty  may  not  be  as  great  as  at  first  sight  ap- 
pears to  be  the  case.  Although  the  velocity  of  light  represents  the 
greatest  velocity  which  an  electron  can  have,  and  ordinary  (S  rays 
have  velocities  95  per  cent,  and  more  of  this  velocity,  we  must 
not  too  readily  assume  that  there  is  practically  no  difference 
between  the  behavior  of  an  electron  with  velocity,  say,  98  per  cent, 
of  the  velocity  of  light,  and  one  with  velocity  99.8  per  cent,  of 
that  velocity  for  example.  For  theory  shows  that  certain  proper- 
ties which  are  characteristic  of  the  fields  of  high-speed  corpuscles 
only  commence  to  make  their  appearance  when  the  velocity  attains 
a  value  very  near  to  that  of  light.  With  electrons  of  moderate 
/3  ray  velocity  there  is,  of  course,  no  question  as  to  the  fact  that 
ionization  does  occur  all  along  the  path ;  but,  though  the  considera- 
tions involved  are  too  complex  for  brief  presentation,  it  may  be 
remarked  that  the  theoretical  properties  of  electrons  of  very  high 
energy  are  such  as  to  suggest  that  they  may  not  fritter  away  their 
energ\'  in  ionization  as  readily  as  do  those  with  moderate  /?  ray 
energ}-.  It  may  be  that  when  an  electron  is  emitted  from  a  mole- 
cule by  a  radiation  as  hard  as  the  penetrating  radiation,  it  travels 
through  the  air  without  ionizing  the  molecules,  and  without,  in 
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general,  suffering  any  appreciable  change  in  its  energy;  but  that 
if  the  conditions  of  encounter  with  a  molecule  are  favorable,  it 
becomes  completely  absorbed  by  the  molecule,  and  in  so  doing, 
sends  out  a  radiation  of  a  type  similar  to  that  which  caused  its 
emission  from  the  parent  atom.  To  those  who  are  familiar  with 
modern  developments  along  the  line  of  the  "  Quantum  Theory," 
a  view  of  this  kind  will  probably  appear  much  less  visionary  than 
it  would  do  on  the  basis  of  our  earlier  views. 

It  may  be  remarked  that  the  difficulty  I  have  discussed,  with 
regard  to  the  question  of  ionization  by  the  high-energy  electrons, 
is  one  which  would  be  felt  in  any  theory  in  which  such  electrons 
are  invoked.  It  would  appear,  for  example,  in  the  case  of  Simp- 
son's tentative  suggestion  as  to  the  maintenance  of  the  earth's 
charge  by  corpuscles  emitted  from  the  sun. 

THE    ORIGIN   OF    THUNDERSTORMS. 

It  would  be  easy  to  devote  the  whole  of  this  lecture  to  the  sub- 
ject of  thunderstorms,  so  the  treatment  to  which  I  shall  confine 
myself  must  necessarily  be  brief.  The  theory  which  has  been 
most  successful  in  explaining  the  facts  is  that  suggested  by  G.  C. 
Simpson.  The  theory  has  also  received  considerable  development 
on  the  meteorological  side  in  the  writings  of  W.  J.  Humphreys  in 
the  Journal  of  the  Institute. 

The  theory  is  founded  on  the  experimental  fact  that  if  water 
is  broken  into  drops  by  allowing  it  to  fall  upon  a  rising  column  of 
air,  the  drops  are  found  to  be  positively  charged  while  the  air 
receives  a  negative  charge.  Now  experiment  has  shown  that  it 
is  impossible  for  drops  of  water  to  fall  through  air  which  is  rising 
with  a  velocity  greater  than  8  metres  per  second.  If  the  drops 
are  very  small  they  will  be  blown  up  by  a  rising  column  of  air, 
and  it  is  in  general  necessary  for  a  drop  to  have  a  certain  minimum 
mass  before  it  can  fall  through  a  column  of  air  rising  with  speci- 
fied velocity.  If  the  velocity  is  as  high  as  8  metres  per  second, 
however,  the  size  which  the  drop  would  have  to  attain  in  order 
to  fall  through  the  column  would  be  so  great  that  the  drop  would 
be  broken  up  by  the  air  stream,  even  if  it  succeeded  in  attaining 
the  necessary  size  temporarily.  The  smaller  drops  formed  as  a 
result  of  the  disintegration  would,  of  course,  be  carried  upwards 
by  the  air  stream. 

Now  it  is  a  matter  of  common  experience  that  thunderstorms 
are  always  preceded  by  high  winds,  and  a  close  examination  of 
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the  phenomena  shows  that,  in  tlie  storms  which  give  rise  to  elec- 
trical discharges,  columns  of  air  are  to  be  found  rising  with  very 
considerable  velocity.  We  may  liken  one  of  these  columns  of  air 
to  an  hour-glass,  or  dice  box.  At  the  bottom  the  column  is  w^ide, 
and  the  velocity  is  small.  At  the  narrowest  part  of  the  column 
the  air  attains  its  maximum  velocity,  while  at  the  top  it  fans  out 
and  the  velocity  again  becomes  small.  Now  in  the  period  prior 
to  a  tliunderstorm,  the  air  is  ver}'  humid.  As  this  air  rises  and 
becomes  cooled  in  the  process,  it  eventually  reaches  a  temperature 
at  which  drops  of  water  begin  to  condense  out.  At  first,  these 
drops  are  carried  upwards  with  the  stream;  but,  as  they  grow, 
they  eventually  reach  a  size  at  which  they  start  to  fall.  Suppose 
tliat  when  this  occurs,  the  drops  are  some  distance  al>ove  the 
narrowest  part  of  the  air  column.  Then,  as  they  fall  and  continue 
to  grow  in  size  they  eventually  reach  a  place  where  the  velocity  is 
sufficiently  great  to  break  them  up.  The  smaller  drops  become 
positively  charged  in  the  process  and  the  air  receives  a  negative 
charge.  The  small  drops  now  start  their  ascent  again,  although, 
of  course,  with  velocity  less  than  that  of  the  air.  As  they  rise 
they  grow,  and  eventually  the  whole  process  is  repeated  again. 
The  cycle  may  be  gone  through  several  times,  the  drops  l^ecoming 
charged  more  and  more  each  time.  The  free  negative  ions  which 
ascend  with  the  rising  air  eventually  coalesce  with  the  finer  water 
drops  to  be  found  at  the  top  of  the  cloud,  so  that  we  eventually 
attain  a  state  of  affairs  in  which  the  water  at  the  top  of  the  cloud 
is  highly  charged  negatively,  while  that  in  the  middle  of  the  cloud 
is  highly  charged  positively.  When  the  accumulations  of  charges 
are  sufficient  to  result  in  a  field  which  will  break  down  the  insula- 
tion of  the  air  at  some  point,  a  lightning  flash  follows.  It  thus 
appears  that  the  high  winds  which  are  associated  with  the  thun- 
derstorm are  in  no  sense  a  result  of  the  electrical  manifestations; 
the  electrical  phenomena  are  themselves  secondary  features 
resulting  from  the  air  motion. 

During  the  turbulence  associated  with  the  storm,  some  of  the 
large  drops  of  positively  charged  rain  which  have  gone  through 
the  cycle  of  breaking  and  reformation  several  times  get  carried  to 
places  where  the  velocity  of  the  upward  current  is  not  sufficient 
to  break  them  up,  and  they  fall  to  earth.  In  this  way  we  find  the 
explanation  of  the  experimental  fact  that  the  heavy  rain  of  the 
thunderstorm  is  found  to  be  positively  charged.  On  the  other 
hand,  the  rain  which  accumulates  at  the  top  of  the  cloud,  and 
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which  is  negatively  charged  is  of  the  finer  type,  and  may  be  ex- 
pected to  fall  to  earth  only  in  the  lulls  between  the  periods  of  most 
violent  activity,  or  at  places  somewhat  remote  from  the  storm 
centre.  Here,  again,  experiment  supports  the  conclusions  in 
showing  that  the  finer  rain  which  falls  during  the  quiet  periods  of 
the  storm  is  negatively  charged. 

Of  fire-balls,  thunderbolts  and  the  like,  time  forbids  me  to 
speak.  These  very  interesting  phenomena  have  been  discussed 
very  clearly  in  Professor  Humphrey's  articles,  "  The  Thunder- 
storm and  Its  Phenomena,"  ^^  published  in  the  Journal  of  this 
Institute;  and,  it  will  suffice  to  say  that,  in  spite  of  the  fantastic 
behavior  which  is  sometimes  attributed  to  these  more  rare  attend- 
ants of  the  thunderstorm,  there  does  not  appear  to  be  anything 
which  is  not  capable  of  explanation  in  terms  of  our  modern  views 
of  electrical  phenomena. 

From  time  immemorial,  the  thunderstorm  has  been  the  emblem 
of  all  that  is  gigantic,  mysterious,  and  awe-inspiring  in  the  mani- 
festations of  nature's  power;  and,  there  is  perhaps  an  element  of 
poetic  justice  in  the  fact  that  this  monster's  secrets  have  been 
among  the  first  of  the  greater  problems  of  atmospheric  electricity 
to  be  satisfactorily  unveiled.  Cosmical  physics  as  a  whole  has 
gained  less  from  the  fruits  of  modern  advances  than  have  the 
more  purely  laboratory  sciences.  The  discovery  of  the  electron, 
and  the  development  of  the  electrical  theory  of  matter  have  indeed 
revolutionized  our  notions  of  how  things  happen  in  molecular 
physics ;  and  atmospheric  electricity  has  reaped  as  much  advantage 
from  the  work  of  the  past  thirty  years  as  perhaps  any  other  branch 
of  cosmical  physics.  Yet,  when  we  think  of  the  great  detail  in 
which  modern  theory  coordinates  most  of  the  more  intricate  and 
less  obvious  facts  of  chemistry  and  physics,  it  is  rather  staggering 
to  recall  how  many  problems  of  a  cosmical  nature  are  yet  far  from 
a  satisfactory  explanation.  How  long  will  gravitation  and  the 
origin  of  the  earth's  magnetic  field  continue  to  baffle  all  who 
ponder  over  nature's  mysteries !  How  long  will  the  great  science 
of  meteorology,  including  atmospheric  electricity  continue  to  hold 
back  some  of  its  most  striking  secrets!  And,  when  these  have 
succumbed  to  the  onward  progress  of  science,  when,  if  ever,  shall 
we  hope  for  that  great  consummation  of  man's  scientific  effort- - 
the  coordination  into  the  general  scheme  of  things  of  the  greatest 
puzzle  of  them  all,  the  mystery  of  organic  life! 
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Chapter  IV. 

REFRACTION    PHENOMENA  :    REFRACTION    BY    ICE    CRYSTALS. 

Introduction. — The  cirrus  clouds  and  others  formed  at  tem- 
peratures considerably  l^elow  o°  C.  usually  consist  of  small  but 
relatively  thick  snowflakes  with  fiat  bases,  or  ice  spicules  with 
flat  or,  rarely,  pyramidal  bases,  always  hexagonal  in  pattern  and 
detail,  as  shown  by  Fig.  151  from  Bentley's  remarkable  collec- 
tion of  photomicrographs  of  snow  crystals. 

Light  from  the  sun,  for  instance,  obviously  takes  many  paths 
through  such  crystals  and  produces  in  each  case  a  corresponding 
and  peculiar  optical  phenomenon.  Several  of  these  phenomena, 
the  halo  of  22°  radius,  the  halo  of  46°  radius,  the  circumzenithal 
arc,  parhelia,  etc.,  are  quite  familiar  and  their  explanations  defi- 
nitely known.  Others,  however,  have  so  rarely  been  seen  and 
measured  that  the  theories  of  their  formation  are  still  somewhat 
in  doubt.  Finally,  many  phenomena,  theoretically  possible,  as 
results  of  refraction  by  ice  crystals,  appear  so  far  to  have 
escaped  notice. 

Prismatic  Refraction. — Since  the  phenomena  caused  by  the 
passage  of  light  through  ice  crystals  are  numerous,  it  will  be 
most  convenient,  in  discussing  them,  first  to  obtain  general  equa- 
tions for  prismatic  refraction,  and  then  to  substitute  in  these 
equations  the  numerical  constants  applicable  to  each  particu- 
lar case. 

Deviation. — Let  A  (Fig.  152)  be  the  angle  between  two  ad- 
jacent faces  of  a  prism;  let  CE  be  the  path  of  a  ray  of  Hght  in  a 
plane  normal  to  their  intersection    (direction  of  travel   imma- 
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Fig.  151. 


Snow  crystals  (Bfiitley). 
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terial)  ;  let  /'  and  /'  be  the  angles  of  incidence  and  r  and  /  tlie  cor- 
responding angles  of  refraction.  Then  the  change  in  direction, 
D,  of  the  ray  is  given  by  the  equation, 

D   =   i  +  r  -   {r  ^  r')    =   i  +  i'  -  A (i) 

Mifiitiium    Deviation. — ^linimum     deviation    occurs    when 


dD 


d'-D 


^=  oand^>OBut  when 
di  dt- 


(W  di'         -     ,. 

-TT      =      I      +     ^^      =     0,    (fi      =      -     dl   . 

di  dt 


Fig.  152. 


Deviation  by  refraction. 

and  as 

r  +  r'   =  A.     dr   =    -  dr'. 

Also,  from  the  law  of  refraction, 

sin  i   =  ft  sin  r. 
sin  i'    =  /J.  sin  r' 

Hence,  directly, 

sin  i         sin  r 


or 


sin  i'        sin  r' 


sin  I  sin  r    =   sin  i    sin  r 


and,  by  differentiation,  if  di  =  -di',  and  dr  =  -dr', 

cos  i         cos  r 


or 


cos  i'        cos  r' 
cos  i  cos  r'   =  cos  i'  cos  r. 
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By  addition,  cos  (i  -r)  =  cos  {i'  -  r) ,  or  i  -  r'  =  i'  -  r. 
By  subtraction,  cos  (i  +  'Z)  =  cos  ( i'  +  r),  or  i  +  r'  =  V  +  r. 
Hence,  if,  as  assumed,  _  =  o, 

di 


i   —  i',  and  r   =  r'   = 


From 

dD 


di  di 


H 

COS 

r' 

dr' 

COS 

i' 

fi 

COS 

r 

dr 

cos  I  COS  r 
cos  ?'  COS  r 


dD 


it  follows,  by  a  little  reduction,  that  when  —  =  ^ 
■^  di        '^ 


d'D 


M  COS-  r  S'.n  i     —   COS-  t  Sin  r. 
/'  COS  i  cos^  r 


But 

/^>0,  cos^  r>cos^  i,  sin  />sin  ?•,  and  /'  cos  7  cos-  7->0. 

Hence,  when 

dD       ^    ,      .       ^  ,    dw 

—r-    =  O,  that  is,  when  r   =  r  ,  — r^>0 
at  rf?- 

and  the  deviation  has  its  minimum  value. 

Writing  D^  for  the  minimum  deviation,  it  follows  that 
Do  =  2  i  —  A. 


Hence,  from  sin  i-fi sin  r,  and  r-  —  ^  ■^e  o-et 

.    Do  +  A  .    A 

sin  =   M  sin  -------  - 

2  2 

Maximum  deviation,  Dm,  obviously  occurs  when 

i  =  90°, 

or,  since  /j.  for  ice  =  1.3 1,  when  r  -  49°  46'. 
Since 

Z)    =  ?  -f-  7'  -  /I 
Pm    =   9"°  +  i'   —  A 


and 


or 


sin  (Dm  +  A    —   go")    =  /i  sin  r'   =   //  sin  (.4    —  49°  46') 
cos  [(180°   -  .1)    -   /;„,]    =  //  sin   (.-1    -  49°  46')  -  -  ■ 


(2) 


(3) 


(4) 


The  above  equations  apply  only  to  refraction  in  a  plane  nor- 
mal to  the  intersection  of  the  faces  of  the  prism.  When  the  inci- 
dent ray  is  inclined  to  this  plane,  the  effective  angle  of  refraction 
is  increased,  and  as  such  inclination  usually  occurs  in  the  case 
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of  floating  ice  crystals  it  is  necessary,  in  the  study  of  halos,  to 
evaluate  its  effect  on  the  deviation. 

Let  the  ray.  CE  (Fig.  153),  enter  a  prism  at  O  and  leave  it 
at  O'.  Let  0-V  be  the  normal  to  the  prism  face  at  O,  and  let  OP 
be  the  projection  of  CO  onto  a  plane  through  0  normal  to  the 
intersection  of  the  refracting  faces.     Let  P  be  the  projection  of 

Fig. 


Retraction  of  rays  inclined  to  principal  plane. 

C,  and  let  the  plane  CNP  be  normal  to  ON.  Similarly,  let  P'  be 
the  projection  of  C  on  the  principal  plane,  PON,  and  let  the  plane 
C'P'N'  be  perpendicular  to  the  normal  ON  extended ;  then,  since 
the  refracted  ray  OC  lies  in  the  plane  OCN,  it  follows  that  the 
triangles  CNP  and  C'N'P'  are  similar. 
Therefore, 


and 


sin  h 
sin  k 


sin 
sin 


sin  h   =   '-«  sin  k. 


in  which  h  and  ^  are  the  angles  between  the  ray  and  principal 
plane  before  and  after  refraction.  Respectively. 
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Similarly,  if  h'  and  k'  -  k  are  the  angles  at  0'  corresponding 
to  h  and  k  at  0, 

sin  /;'   =   u  sin  k'   =  n  sin  ^. 

Hence, 

/;    =  h' 

That  is,  the  inclination  of  the  ray  to  a  principal  plane  is  the 
same  after  leaving  a  prism  as  before  entering  it. 

Let  iv  be  the  angle  between  the  normal,  ON ,  and  the  projec- 
tion, OP,  of  the  ray,  CO,  on  the  principal  plane  through  0,  and 
Tp  the  angle  betwen  the  normal  extended,  ON' ,  and  the  projection, 
OP'  of  the  refracted  ray,  0C\  onto  the  principal  plane.  Then 
(perhaps  better  seen  by  Reversing  OC'NT'  to  OC"N"P"), 


and 


and 


.      .    _  NP   _        NP 

sin  .;,  -  ^p   -  oc  cos  h 


N"  P"  _     N"  P" 
sin  rp  -    ^  p„     -   ^^„  ^^^  ^• 

But     NP   =   ^,  fi  N"  P"   =  //  N"  P"  if  OC  =  OC", 


cos  k     . 

sin  ip    —  /i  ;  sin  Tp  . 

cos  /z 


Hence,  rays  inclined  to  the  principal  plane  of  a  prism  of  re- 
fractive index  fx  are  bent  as  if  in  the  principal  plane  of  a  similar 
prism  of  index,  /,  where 

,  cos  k 


COS  h 


=   (,"-   —  sin^  h)i  (i    —  sin-//)  ~h 


The  minimum  deviation,  therefore,  Z)'o,  measured  in  or  pro- 
jected onto  the  principal  plane,  of  such  rays  is  given  by  the 
equation, 

D'o  +  A  COS  k 


(5) 


cos  [(i8o°   -  A)    -  D'm]   =   ^^   sin  (.4    -   a)    , (6) 


and  the  maximum,  /)',»,  by  the  equation, 

COS 

COS  h 


"'  It  may  be  interesting  to  note  that  this  relation  between  the  incHnation 
of  a  ray  to  the  principal  plane  of  a  prism  and  its  deviation  by  that  prism 
explains  the  curvature  of  spectruyi  lines  as  seen  in  an  ordinary  straight  slit 
prism  spectroscope. 
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in  which  a  is  the  Hmiting  vakie  of  the  angle  of  refraction  for  the 
index  p-',  when 

,  cos  k 

cos  h 

The  largest  or  limiting  valne  of  //  at  which  light  can  still  pass 
through  the  prism  obviously  is  determined  by  the  equation, 

D  +  A 

— — ■  =  90  . 
2 

in  which  D  is  the  minimum  deviation  as  projected  on  the  prin- 
cipal plane. 


In  this  case 


Therefore, 


.     D  +  A            cos  k    .     A  . 

5in   — =   «  r  sm  —  =1. (7) 

2  cos  h  2 


I                ,  (i    —  sin-  k)         ,«-  —  sin-  h 
=    u-  —  


.   „  .4  cos-  h  cos-  h 

sin — 

2 


and 


Hence,  when  A  =60°,  as  between  alternate  sides  of  a  hexag- 
onal ice  prism,  or  snowflake,  the  Hmiting  value  of  h  for  /*=  1.31, 
is  60°  45',  and  when  A  is  90°,  as  between  base  and  a  side,  32°  12'. 

Internal  Total  Reflection  and  Its  Effect  on  the  Passage  of 
Light  Through  Ice  Crystals. — Since  the  limiting  value  of  the 
"  angle  of  incidence  "  is  90°,  and  the  refractive  index  of  ice  1.31, 
it  follows  that  total  reflection  of  an  internal  ray  occurs  at  the 
angle  a .  given  by  the  equation, 

sin  90°   =   1. 3 1  sin  a   =   1.31  sin  49°  46'. 

An  internal  ray,  therefore,  cannot  leave  an  ice  crystal  if  the 
angle  it  makes  with  the  normal  is  greater  than  49°  46'.  Hence, 
as  is  clear  from  Fig.  154,  a  ray  of  light  in  the  principal  plane, 
and  also  most  rays  out  of  it,  will  pass  through  an  ice  crystal  be- 
tween faces  whose  inclination  is  not  greater  than  49°  46'  at  all 
angles  of  incidence  (measured  on  the  base  side  of  the  normal) 
from  o^  to  90*^.  On  the  other  hand,  no  light  can  pass  through 
an  ice  crystal  at  any  angle  of  incidence  between  planes  whose 
inclination  is  greater  than  2  x  49°  46'.     In  proof  of  this  latter 
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statement,  let  AB  (Fig.  155)  be  a  ray  grazing  the  side  of  a 
crystal  whose  angle  of  refraction  is  99'  32'  and  entering  at  B. 
It  will  reach  the  opposite  face  at  C,  and  either  pass  out  in  the 
direction  CD  or  else  suffer  total  reflection.  But  as  CD  lies  along 
the  face  of  the  crystal,  it  is  clear  that  any  decrease  of  the  angle  of 
incidence  at  B  from  90°,  or  increase  of  the  inclination  of  the 

Fig.  154- 


Limiting  angle  of  omission. 


Limiting  angle  of  transmission. 

crystal  faces  to  each  other,  each  of  which  increases  the  angle  BCE, 
causes  total  reflection  at  C,  and  thereby  prevents  transmission. 
Refracting  angles  intermediate  between  the  above  extremes  ob- 
viously transmit  light  incident  thnnigh  an  angular  range  less 
than  90°  and  greater  than  o  . 
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The  largest  angle  of  incidence  clearly  is  90°,  and  the  smallest 
J.  as  determined  by  the  equation. 

sin  /'   =   "  sin  r   =   1.31  sin  (yl    —   49°  26') 

If,  then,  A  =  60^,  1=13°  54'.  giving  a  transmission  range 
of  ;6°  6';  if  A=go°,  i=S^°  25',  range  31°  35';  and  similarly  for 
other  possible  values  of  A. 

General  Illumination  of  the  Sky  Through  Ice  Crystals. — The 
deviation  of  a  ray  of  light  through  refraction  and  n  internal 
reflections  obviously  is  given  by  the  equation, 

Z?    =    J    +   /'   +    yi-    -    S/1, 

in  which  1"  A  is  the  sum  of  the  several  angles  passed  by  the  ray 
in  its  course  through  the  crystal.  If  these  angles  are  all  equal 
the  equation  becomes 

Z?    =   /■  +  J'  +  n-   -   {n  +   I)  A. 

If,  then,  as  frequently  is  the  case,  the  ice  crystal  is  a  thick 
hexagonal  disk  floating  horizontally,  the  position  it  oscillates 
about  in  falling,  both  angles  passed  by  a  once  reflected  ray  will  be 
90°,  provided  the  entering  and  emergent  branches  lie  in  the 
same  plane,  and  the  deviation  will  be 

■  D    =  2  i, 

as  readily  seen  in  Fig.  156. 

Hence,  such  crystals  illuminate  the  sky  at  all  distances  from 
the  sun  out  to  116'^  50'.  The  effect,  however,  is  not  sufficiently 
striking  ordinarily  to  arrest  attention. 

Parhelia  of  22°. — Whenever  the  air  through  any  depth  or  at 
any  level  contains  innumerable  hexagonal  snow  crystals  with  their 
sides  vertical  (the  position  about  which  relatively  broad  crystals 
oscillate)  two  colored  bright  spots,  known  as  parhelia  or  sun 
dogs,  appear  at  22°,  or  more,  from  the  sun,  one  to  the  right,  the 
other  to  the  left.  Each  bright  spot  obviously  is  in  the  direction 
of  maximum  light  and,  therefore,  the  direction  of  minimum  re- 
fraction. When  the  refraction  is  in  a  principal  plane,  that  is,  as 
the  sides  of  the  crystal  are  vertical,  when  the  sun  is  on  the  horizon, 
the  angular  distance,  Dr,,  of  each  spot,  also  on  the  horizon,  is 
given  by  the  equation,  derived  from  (3), 

.     Dn  +  60°  .     60° 

sm  =  "  sin  — 

2  2 
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For  yellow  light  (/a=i.3i),  Do-21^  =)0';  for  red  light 
(/x=  1.307),  Z)o  21°  34';  and  for  violet  (/a=  1.3117),  Z)o  =  22°  22'. 
The  order  of  the  colors,  therefore,  counting  from  the  sun,  is  red, 
yellow,  etc.,  to  violet,  and  the  length  or  dispersion  48'  for  a  point 
source.  For  the  sun,  diameter  30',  the  total  length  is  1°  18',  and 
width  30'. 

Since  the  above  are  minimum  angles,  it  follows  that  slight 
changes  in  either  the  inclination  or  orientation  of  the  cr}^stals 
causes  rays  of  each  color  to  come  also  from  somewhat  greater 

Fig.  1.56. 


niumination  of  the  sky  by  flat  snow  crystals. 


distances  from  the  sun.  Hence,  the  only  color  thus  produced  that 
appears  approximately  pure  is  the  darker  portion  of  the  red. 
Yellow  and  green  are  also  moderately  distinct,  but  blue,  and 
especially  violet,  scarcely  perceptible  because  of  so  much  admix- 
ture of  colors. 

When  the  angular  elevation  of  the  sun  is  h,  the  distance,  D', 
in  azimuth,  of  each  of  these  parhelia  from  the  sun  is  given  by  the 
equation,  derived  from  (5). 


D'  +  fin" 


cos  k 


60° 


sin   — 

cos   /(  2 
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The  angular  distance,  A„.  measured  on  the  arc  of  a  great 
circle,  between  the  sun  and  each  of  these  parhelia,  may  be  found 
from  the  right  spherical  triangle  formed  by  the  three  sides: 
zenith  to  sun  (compliment  of  //)  ;  zenith  to  mid  point  between  sun 

and  a  parhelian  :  "  mid  point  "  to  sun.  -  °.    The  angle  thus  formed 

at  the  zenith   is  -7-  .  and   the  angle  at  the   "  mid   point  "   90*^. 
Hence. 

.     Ao  ,      ■     I^' 

sin  —  —  cos  //  sin  — 

2  2 

For  /i  =  I -3 1  the  following  relations  ^^'  exist  betw^een  //,  D', 
and  \. 

h  D'  Ao 


0° 

Z)o  =  Ao 

=  21°  50' 

5° 

22°  2' 

21°  56' 

10° 

22°  30' 

22°  10' 

15° 

23°  20' 

22°  32' 

20° 

24°  34' 

23°    4' 

25° 

26°  22' 

22,°  50' 

30° 

28°  44' 

^4°  49' 

35° 

31°  56' 

26°  3' 

40° 

36°  20' 

27° 38' 

45° 

42°  30' 

29°  42' 

50° 

51°  30' 

32°  26' 

55° 

66°  2' 

36°  26' 

60° 

98°  48' 

44°  38' 

°45' 

120°  0' 

50°  4' 

All  the  above  values  pertain,  as  explained,  to  minimum  devi- 
ation. But  as  the  orientation  of  the  crystals  is  fortuitous,  it  fol- 
lows that  all  possible  deviations  from  minimum  to  maximum  will 
occur,  and  the  parhelia,  therefore,  be  draw^n  out  into  streaks  the 
lengths  of  which  depend  upon  their  angular  altitude. 

The  maximum  deviation  for  refraction  in  a  principal  plane 
(for  sun  on  the  horizon  when  the  crystal  edges  are  vertical)  is 
given  by  the  equation,  derived  from  (4). 

cos  (180°   —   60°   —   Dm)    =   /'sin  (60°   —  49°  26'). 

The  value  of  the  maximum  deviation  in  azimuth.  Dm,  cor- 
responding to  the  solar  altitude,  h,  is  given  by  equation  (6),  and 
the  actual  maximum.  Am,  by  the  equation, 

.       A„  ,       .      D'm 

sin  —   =  cos  h  sin 

2  2 

Ternter-Exner,  Meteorologische  Optik,  pp.  314,  315. 
Vol.  188,  No.  1127 — 45 
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The  following  table  ^^^  gives  interesting  relations  between  the 
quantities  indicated : 

k  Dm  .^m  ^m  — Ao 


0" 

43°  28' 

s: 

43°  38' 

10° 

44   8' 

^5! 

44°  59' 

20° 

46°  15' 

< 

48°  0' 

3°: 

50°  17' 

K 

53°  15' 

40° 

57°  9' 

45° 

62°  28' 

5°: 

68°  48' 

55! 

81°  3' 

60° 

104°  54' 

6o°45' 

120°  0' 

43°  28' 

21°  38' 

43°  26 

43°  24' 

21°  16' 

43°  20' 

43°  18' 

20°  18' 

43°  16' 

43°  10' 

18°  22' 

43°  4' 

42°  58' 

15°  22' 

43°  2' 

43°  10' 

10°  46' 

43°  44' 

46°  44' 

2°    6' 

50°  4 

0°  0' 

From  the  computed  values  of  A„i-A^,  fully  supported  by 
observations,  it  appears  that  when  the  angular  elevation  of  a 
parhelion  of  22°  is  moderate  to  small,  20°  or  less,  it  may  extend 
over  an  arc,  parallel  to  the  horizon,  of  more  than  20^.  The  end 
next  the  sun,  produced  by  minimum  deviation,  is  colored,  begin- 
ning with  red,  through  a  short  range.  Similarly,  the  distal  end, 
due  to  maximum  deviation,  is  also  colored,  terminating  with 
violet,  though  always  too  faint,  perhaps,  to  be  distinctly  seen. 
Through  the  rest  of  its  length  the  blending  of  the  colors  is  quite 
complete,  giving  white,  of  course,  as  the  result. 

At  greater  altitudes  the  possible  lengths  of  the  parhelia  of  22° 
become  less  and  less,  as  shown  by  the  table,  though  the  color  dis- 
tribution remains  the  same. 

Halo  of  22°. — When  the  refracting  edges  of  the  ice  crystals 
are  vertical,  as  they  tend  to  be  in  the  case  of  relatively  thin  snow- 
flakes  falling  through  still  air,  parhelia  are  produced,  as  just 
explained.  But,  in  general,  these  edges  He  in  all  directions,  espe- 
cially at  the  windy  cirrus  level  and  when  the  crystals  are  of  the 
short  columnar  type;  and  as  refracted  light  reaches  an  observer 
in  every  plane  through  his  eye  and  the  sun  (or  moon)  to  which 
the  refracting  edges  are  approximately  normal,  it  follows  that  the 
effect  produced  by  fortuitously  directed  snow  crystals  must  l)e 
more  or  less  symmetrically  distributed  on  all  sides  of  the  exciting 
luminary.     There  may,  however,  be  a  maximum  brightness  both 

"•  Pernter-Exner,  Meteorologische  Optik,  p.  317. 
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directly  above  and  directly  below  the  sun  since  ice  needles  tend 
to  settle  with  their  refracting  edges  horizontal. 

As  before,  when  the  refracting  angle  is  60*^  and  f^=  i-3i.  cor- 
responding to  yellow  light,  D^^  =  2i°  50',  and  is  independent  of 
solar  elevation.  The  inner  portion  of  this,  the  most  frequent  and 
best  known  of  all  halos,  is  red,  because  light  of  that  color  is  least 
refracted.  Other  colors  follow,  with  increase  of  distance,  in  the 
regular  spectral  sequence,  but  with  decrease  of  wave-length  they 
so  rapidly  fade  that  even  green  is  indistinct  and  blue  seldom  de- 
tected. This  is  owing  to  the  variation  in  deviation  caused  by  the 
tipping  of  the  needles,  as  previously  fully  explained. 

The  brightest  portion  of  the  ring  clearly  is  at  the  angle  of 
minimum  refraction  from  the  sun.  With  increase  of  distance, 
light  produced  in  this  manner  gradually  fades  (not  all  the  crystals 
are  ever  simultaneously  in  position  to  give  minimum  refraction) 
until  it  ceases  to  be  perceptible  at  15°  to  20°  beyond  the  inner 
portion,  or,  say,  40°  from  the  sun.  On  the  other  hand,  no  such 
light  reaches  the  observer  from  places  within  the  ring  of  maxi- 
mum brightness,  and,  therefore,  this  portion  of  the  sky  is  com- 
paratively dark,  except,  and  for  an  entirely  different  reason,  to 
be  explained  later. ^^^  near  the  sun  itself. 

When  the  sun  is  within  10°  of  the  horizon,  the  halo  of  22°, 
and  the  parhelia  of  22'^ ,  are  practically  superimposed.  At  greater 
altitudes  they  become  distinctly  separated,  as  per  the  accompany- 
ing table  ^^^  for  /j-=  131.  in  which  h  =  solar  elevation,  A^^  =  par- 
helic  angular  distance  from  the  sun  and  Do  =  angular  distance  of 
halo  from  sun. 

h  Ao-D, 


0° 

0   0 

10° 

0°  20' 

20" 

1°  14' 

3°: 

2°  59' 

n 

5°  48' 

50° 

10°  36' 

60° 

22°  48' 

6o°45' 

28°  14' 

Arcs  of  Lowitz,  or  Vertical  Arcs  of  the  22°  Parhelia. — On 
rare  occasions  oblique  extensions  of  the  parhelia  of  22°,  concave 
towards  the  sun  and  with  red  inner  borders,  are  seen,  in  addi- 
tion to  their  horizontal  tails,  above  described.    These  are  known 

"•  See  chapter  on  diffraction. 

"*  Pernter-Exner,  Meteorologische  Optik,  p.  321. 
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as  the  arcs  of  Lowitz,  after  the  astronomer  who  described  them  '^^ 
as  seen  in  the  famous  Petersburg  halo  complex  (Fig.  157)  of 
July  18,  1794.    Their  general  explanation  is  simple,  though  exact 

Fig.  157. 

A\>i'a  Jcta  yieap.  ImpJc B^apoC.  Tbmjm^.Tab.  VL 


(■>uc-l 


.\/ori/   t:-i 


r   i^,--i 


Jin?  Oti^j-f 


>z....>^.t 


Petersburg  halo  of  July  i8,  1794. 


computations  of  their  outlines  and  of  the  relative  intensities  of 
their  parts  for  dififerent  altitudes  of  the  sun  are  rather  tedious. 
'*'  Nova  acta  Aaad.  Pclropol.,  8,  1794,  p.  384. 
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As  already  explained,  parhelia  and  their  horizontal  extensions 
are  produceil  by  ice  crystals  whose  principal  axes  are  vertical,  the 
former  by  those  set  to  minimnm  refraction,  and  the  latter  by 
cr}-stals  turned  more  or  less  from  this  unique  position. 

When,  however,  the  principal  axes  oscillate  about  the  ver- 
tical, as  thev  obviously  do  in  the  case  of  snowflakes,  the  arcs  of 
Lowitz.  or  obliquely  vertical  extensions  of  the  parhelia  of  22°, 
necessarily  are  produced,  though  rarely  seen,  because  of  the  dif- 
fusion of  their  light  in  the  midst  of  a  general  glare,  as  will  be 
explained  below. 

Consider,    first,    for   simplicity,   the   doubly    special   case   in 


r- 

Formation  of  the  arc  of  Lowitz,  crystals  vibrating  in  solar  vertical. 

"vvhich  the  sun  is  on  the  horizon  and  the  principal  axes  of  the 
crystal  oscillate  in  a  vertical  plane  passing  through  the  sun.  Let 
C  (Fig.  158)  be  the  position  of  an  ice  crystal  whose  principal 
axis  is  in  the  direction  CZ.  Let  an  observer  be  at  O  and  let  the 
incident  ray,  SC,  lying  between  Z  and  P  make  the  angle  h  with 
the  principal  plane,  CP.  On  emerging  this  ray,  in  its  new  direc- 
tion, S'O,  has  the  same  inclination  as  formerly  to  the  axis.  Hence, 
SC  and  S'C  may  be  regarded  as  elements  of  a  right  cone  of 
vertex  C  and  axis  CZ,  and  as  the  plane  CZS  is  vertical,  if  5^  is 
on  the  horizon,  as  seen  from  O,  the  element  CS  (lowest  element), 
being  parallel  to  0.9,  owing  to  the  great  distance  of  S,  will  lie  in 
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a  plane  tangent  to  the  cone  and  parallel  to  the  plane  of  the  horizon, 
while  every  other  element,  such  as  CS',  will  lie  above  it.  S',  there- 
fore, the  apparent  position  of  6"  due  to  refraction  of  the  ray  SC 
by  the  ice  crystal  at  C  is  above  this  plane  and,  also,  as  seen  from 
O  at  the  same  angular  distance  above  the  horizon.  Similarly, 
when  the  axis  of  the  crystal  is  tipped  beyond  the  vertical  in  the 
opposite  direction,  S'  drops  below  the  horizon. 

Further,  let  ZP  and  ZP'  be  arcs  of  great  circles  intersecting 
SC  and  S'C  at  B  and  B',  respectively.  Then  the  projection  of  the 
deviation  SCS',  or  SOS',  on  the  principal  plane  is  given  by  the 
angle  D  between  these  arcs,  and  on  bisecting  D,  thus  dividing 
ZBB'  into  two  equal  right  spherical  triangles,  and  putting 
BB'  -  A,  it  is  obvious  that 


and 


cot  B 


=  sin  —  cos  n 

2 


tan  —  sin  h 

2 


(I) 


(2) 


Clearly,  then,  the  locus  of  S'  is  given  when  the  arc  BB'  is 
known  in  terms  of  the  angle  B. 

On  eliminating  h  from  the  above  equations,  it  appears  that 


cot'  B    =  tan^  —  cos'  —  —   sin' 

2  2 


(3) 


Hence,  that  either  A  or  i?  may  be  found  when  the  other  is 
given,  it  remains  only  to  express  tan'-'  —    in  terms  of  a  function 

or  functions  of  A. 

But  from  (y),  (p.  613), 


D  +  A 


cos'  k    .  ,  A 
cos'  h  2 


=    jl    +   (//'   -    i)  sec'  hi   sin'  - 

Al.so  from  (3),  (p.  610), 


/''  = 


Do  +  A 


sm'  — 

2 
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and  from  ( i ) , 


sin-  — 

sec-  h    =  -— 

.   ,  A 
sin-  — 

2 


Hence, 


.  ,  P  +  .4 
sm'  - 

2 

sin- 

.4 

2 

sin-  - 

2 

D,  +  A  .  ,  .4  .  ^D 

■ •    —   sin — ■  sin^  — 

2  2     _  2 


A  '^     .   ,  A 


sin-  —  sin^  — 

2  2 


or 


sm'  —  sm   (  —   +  .4    J  sin  —    =  sm-  —  sin  (  —   +  -4     )  sm  — 

2  \2/  2  2  \2  /  2 

Dividing  by  cos  -  cos  A, 

2 

.     /Do    .      .\  .     Do  ^       D 

in  I  —  +  i4  )  sm  —  tan  — 

\  2  /  2  2 


.  ,  A  ,       /)     ,      .  ,  A  ,        . 
sm'  —  t£m  —   +  sm-  —  tan  ^    = 


cos  A 


.    ^  cos  {Do  +  A)  ^       D) 

=    M  I   —   1 tan  —  f 

/  cos  ^  2  ) 


Putting 


cos  Do  -f  ^  o  o       , 

cos  A         =  '^^^'^   =  ^°^  73    30 

_-         2  tan  A  sin*  — 
D    _    2_ 

2  cosA   —  cos/3  ^'^ 

On  using  this  value  of  tan  £  (3)  reduces  to 


sin    J   a/  4  sin'  -  cos'  —  tan'  A    -  (cos A   -  cos/'^)' 
cot  B    = ^ -  -  (5) 

COSA     —     COS;} 

From  (5)  5  is  readily  computed  for  any  assumed  value  of  A, 
as  is  also  D  form  (4).  Further,  h  can  be  found  from  (i)  when 
A  and  D  are  known,  or  from  (2)  when  B  and  D  are  known. 

The  following  table,  copied  from  Pernter-Exner,^^^  as  are 

'"  /.  c,  p.  327. 
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most  of  the  above  equations,  gives  data  for  drawing  the  locus 
of  5'  when  the  sun  is  on  the  horizon. 

Since  the  value  of  A  in  this  table  increases  with  m,  other  things 
being  equal,  it  follows  that  these  arcs  must  be  colored  and  that 
their  inner  borders  must  be  red,  as  stated. 


0 

21°  50' 

90  0 

5° 

21°  55' 

89°  5' 

10° 

22°  10' 

88°  i' 

^5° 

22°  38' 

86°  54' 

20° 

23°  04' 

85°  45' 

< 

23°  51' 

84°  19' 

30° 

24°  49' 

82° 38' 

35° 

26°  3' 

80°  38' 

40° 

27°  38' 

78°  5' 

45° 

29°  42' 

74°  36' 

50° 

32°  26' 

69°  43' 

55° 

36°  26' 

61° 58' 

60° 

44°  38' 

44°  41' 

6o°45' 

50°  4' 

33°  29' 

This  table  is  graphically  represented  by  Fig.  159,  in  which  the 
circle  is  the  22°  halo,  HH  the  horizon,  vS'  the  sun  and  S'S'  the 
curve  in  question,  dotted  below  the  horizon  where,  of  course, 

Fig.  159. 
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Arc  of  Lowitz,  sun  on  horizon,  crystals  vibratinK  'n  solar  vertical. 
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like  the  under  portion  of  the  circle,  it  is  invisible,  except  from 
a  suitable  elevation. 

Obviously,  the  (Optical  effect  is  independent  of  the  manner  by 
which  the  inclination  of  the  principal  axis  of  the  crystal  to  the 
incident  ray  is  produced,  and,  therefore,  crystals  tilted  in  the  ver- 
tical plane  through  the  sun  to  an  angle,  E  +  Ji,  to  the  plane  of  the 
horizon  give  the  same  result,  if  E  is  the  solar  elevation,  as  do 
cr}-stals  tilted  to  only  the  angle  h  in  this  plane  when  the  sun  is  on 
the  horizon.  The  points  of  contact  with  the  halo  of  22°,  being 
due  to  crystals  whose  principal  axes  are  normal  to  the  incident 
rays,  lie,  tlierefore.  at  equal  altitudes  on  opposite  sides  of  the 
halo  and  in  a  plane  that  passes  through  the  sun.  Consequently, 
the  angular  altitude  of  these  points  is  less  than  that  of  the  sun, 
except  when  the  latter  is  on  the  horizon.  If,  as  before,  E  is  the 
elevation  of  the  sun  and  E'  that  of  the  points  of  contact  in  ques- 
tion, then,  from  the  right  spherical  triangle  formed  by  the  radius 

Fig.  160. 


.^rcs  of  Lowitz,  elevation  of  sun  40°,  crystals  vibrating  in  solar  vertical. 


of  the  halo  and  the  zenith  distances  of  the  sun  and  point  of  con- 
tact, respectively, 

cos  (90°  -  £')    =  cos  (90°  -  E)  cos  21°  50'. 

Fig.  160  represents,  approximately,  the  outline  of  the  bright 
band  produced  in  this  manner  when  the  elevation  of  the  sun  is 
40'^ ;  making  that  of  the  points  of  contact  36°  38'.  0  is  the  posi- 
tion of  the  observer,  S  the  centre  of  the  halo  of  22°,  PP  parhelia 
of  22°,  TT  the  points  of  tangency  to  this  circle  of  the  arcs  of 
Lowitz,  PT  PT.  In  order  that  the  arc  may  reach  the  halo,  the 
tilt  of  the  crystal  must  at  least  equal  the  elevation  of  the  sun,  and 


626 


W.   J.   Humphreys. 


[J.  F.  I. 


no  portion  of  the  lower  branch  (part  below  point  of  tangency") 
is  given  unless  the  tilt  is  greater  than  this  elevation.  Hence,  if 
the  extent  of  the  tilting  of  snow  crystals  is  less,  in  the  great 
majority  of  cases,  than  30°,  as  it  probably  is,  only  the  upper 
branch  is  likely  to  be  produced  when  the  sun  is  30°  or  more  above 
the  horizon. 

Consider,  now,  the  effect  of  the  vibration  of  the  principal 
axis  in  a  vertical  plane  at  right  angles  to  the  vertical  plane  through 
the  sun.  Let  E  be  the  elevation  of  the  sun  and  /  the  inclination  of 
the  principal  axis  to  the  vertical,  then  the  angle  h  between  the 
incident  ray  and  principal  plane  is  given  by  the  equation, 

sin  h   =  sin  (90°  —  i)  sin  E. 

Let  £  =  30°,  and  1  =  20°.  Then  the  angular  distance  from 
the  sun  to  a  parhelion  of  22°  is  24°  49',  or  say  3°  from  the  halo 

Fig.  161. 


Arcs  of  Lowitz,  crystals  vibrating  at  random. 


of  22°.  Also  h  =  28°  i',  and  the  corresponding  distance  of  image 
from  halo  is  about  2°  40',  at  approximately  20°,  measured  from 
centre  of  halo,  above  or  below  the  parhelion,  owing  to  direction 
of  tip. 

Vibrations  of  the  principal  axis  in  intermediate  planes  give 
images,   of  course,   in    intermediate  j)()siti()ns,   so   that   the  total 
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effect,  when  the  elevation  of  the  sun  is  30^^,  may  be  somewhat 
as  represented  in  Fig.  161,  in  which  tilting  is  supposed  to  be  re- 
stricted to  7,0^  and  less  from  the  vertical. 

In  this  Figure,  PP  are  the  parhelia  of  22°,  aa,  hb,  and  cc  the 
outlines  of  the  images  corresponding  to  minimum  refrrtction 
when  the  principal  axis  is  oscillated  in  a  vertical  plane  through 
the  sun,  true  tangent  arcs;  at  45°.  roughly  interpolated,  to  this 
sun  plane ;  and  at  90"^  to  it,  respectively. 

It  will  be  noticed  that  this  light,  nearly  always  too  faint  to  be 
distinguished  from  the  general  glare,  would  be  more  concen- 
trated, if  the  orientation  of  the  ice  crystals  were  fortuitous, 
which,  presumably,  often  is  the  case,  and  consequently  brighter 
below  the  parhelia  than  above  them.  Hence,  because  of  limited 
tilting,  as  above  explained,  and  because  of  the  greater  concen- 
tration of  light  in  its  lower  branches,  this  halo,  whenever  seen 
at  all.  appears  as  short  arcs  including  the  parhelia  and  extending 
mainly  below  them. 

Tangent  Arcs  of  the  Halo  of  22°. — Obviously,  when  the  sun 
is  on  the  horizon,  ice  crystals  whose  principal  axes  lie  or  oscillate 


Tangent  arcs  of  the  halo  of  22°. 


in  horizontal  planes  must  produce  the  same  optical  effects  above 
and  below  (theoretically)  the  halo  of  22°  that  are  produced  on 
its  sides,  as  above  explained,  by  crystals  whose  principal  axes 
oscillate  in  the  vertical  plane  through  the  sun.  Each  set  of  curves 
might  properly  be  called  tangent  arcs  of  the  halo  of  22°,  but  as 
a  matter  of  fact  only  those  well-known  and  fairly  common  arcs 
that  occur  above  and  below  the  circular  halo  are  so  designated. 
Similarly,  when  the  elevation  of  the  sun  is  E,  arcs  identical 
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with  those  just  described  and  tangent  to  the  halo  at  its  highest  and 
lowest  points,  as  shown  in  Fig.  162,  are  formed  by  crystals  whose 
principal  axes  oscillate  in  planes  normal  to  the  solar  vertical  and 
inclined  at  the  angle  E  to  the  plane  of  the  horizon. 

But  ice  spicules  or  needles  tend  to  float  with  their  principal 
axes  horizontal.  Hence,  it  is  necessary  carefully  to  determine 
the  optical  effects  of  crystals  in  this  particular  position,  as  may 
be  done  by  noting  the  transformations  of  the  tangent  arcs  as  the 
crystals  are  so  turned  as  to  carry  their  principal  axes  from  the 
inclined  to  the  horizontal  plane. 

Let,  then,  the  principal  axis  of  an  ice  needle  lie  parallel  to 
OP  (Fig.  162)  in  which  O  is  the  position  of  the  observer,  HSH' 
the  inclined  plane  and  5  the  sun  at  elevation  E.  Let  h  be  the 
inclination  of  the  principal  axis  to  the  incident  radiation  and  let 
aoT  h  be  the  position  of  the  resulting  image.  Now,  let  the  crystal, 
as  suggested  above,  be  so  turned  as  to  carry  its  axis  from  an  in- 
clined to  a  horizontal  position,  and  in  such  manner  as  to  keep 
constant  the  angle  between  the  principal  axis  and  the  direction  of 
the  incident  ray.  That  is,  change  the  direction  of  the  axis  from 
parallel  to  OP  to  parallel  to  0P\  with  SP  =  SP'.  Under  these 
conditions  the  refracted  ray  will  turn  precisely  as  does  the  prin- 
cipal axis.  Hence,  if  a'  and  //  are  the  new  positions  of  a  and  h, 
the  angle  aSa'  =  bSb'  =  PSP'. 

But    from    the   right   spherical   triangle   OSP' 

cos  OSP'   =   sin  PSP'    =   tan  E  cot  SP'   =   tan  F.  tan  h, 
and 

aSa'    =   bSb'  aic  sin  tan  E  tan  /;. 

Since  the  points  of  tangency  of  the  "  tangent  arcs  "  under  con- 
sideration are  90'^  from  the  corresponding  points  of  the  similar 
"arcs  of  Lowitz,"  it  follows  that  the  angle  B  of  Fig.  158  and 
table  on  page  624  equals  TSa  (Fig.  162). 

Hence, 

„,_. ,  }•  =  •S'   =   B±   arc  sin  tan  E  tan  /; 

The  following  table,  adapted  from  Pernter-Fxner,  "Metet)- 
rologische  Optik,"  pp.  338-339,  gives  the  necessary  data  for 
accurately  constructing  tangent  arc.'^  corresponding  to  dilTorcnt 
solar  elevations : 
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£ 

5 

■> 

10° 

55' 

15° 

20° 

2S''2' 

Bot- 

bot- 

* 

A 

Top 

tom 

Top 

tom 

Top 

Bottom 

Top 

Bottom 

Top 

Bottom 

0° 

ai*So' 

0°  0' 

0°  0' 

0"  0' 

0°  0' 

0°  0' 

0°   0' 

0°  0' 

0°  0' 

0°  0' 

0°  0' 

5 

21  55 

I  21 

0  29 

I  50 

0  0 

2  16 

—0  26 

2  45 

-0  55 

3  16 

-  I  26 

10 

22  10 

2  52 

I  06 

3  56 

0  02 

4  42 

-0  44 

5  40 

-I  42 

6  42 

-  2  44 

JS 

22  38 

4  37 

I  45 

6  04 

0  08 

7  13 

—  I  01 

8  42 

-2  30 

10  17 

-  4  05 

20 

23  04 

6  15 

2  35 

8  27 

0  25 

10  01 

—  I  II 

12  02 

-3  12 

14  12 

-  5  22 

as 

23  SI 

8  01 

3  21 

10  51 

031 

12  S2 

-I  30 

IS  27 

-4  OS 

18  16 

-  6  54 

30 

2449 

10  16 

4  28 

13  46 

0  58 

16  16 

-I  32 

19  30 

-4  46 

23  01 

-  8  17 

JS 

26  03 

12  S3 

5  SI 

17  08 

I  36 

20  II 

-I  27 

24  08 

-S  24 

28  28 

-  9  44 

40 

27  38 

16  08 

7  42 

21  14 

2  36 

24  55 

-I  OS 

29  42 

-S  52 

34  59 

—  II  19 

45 

29  42 

20  25 

10  23 

26  31 

4  17 

30  57 

—  0  09 

36  45 

-5  57 

43  16 

—  12  28 

SO 

32  26 

26  16 

14  18 

33  34 

7  00 

38  55 

I  39 

46  10 

-S  26 

54  07 

-13  33 

55 

36  26 

35  13 

20  SI 

44  02 

12  02 

50  32 

5  32 

59  21 

-3  17 

69  53 

—  13  49 

60 

4438 

5402 

3636 

64  SO 

25  48 

72  S8 

17  40 

84  25 

6  13 

99  19 

-  8  41 

6o»4s' 

SO  04 

6s  30 

47  32 

76  40 

36  22 

8s  06 

27  S6 

97  04 

IS  28 

113  02 

0  0 

£ 

29°iS' 

35° 

40° 

45° 

50° 

h 

A 

Top 

Bottom 

Top 

Bottom 

Top 

Bottom 

Top 

Bottom 

Top 

Bottom 

0° 

5 
10 
15 
20 
2S 
30 

35 
40 
45 

2 1  °50' 

21  55 

22  10 

22  38 

23  04 

23  51 

24  49 

26  03 

27  38 

2942 
32  26 

36  26 
4438 
50  04 

0°  0' 

3  44 

7  39 

II  54 

16  II 

20  49 

26  14 

32  27 

39  57 

49  27 

62  09 

81  09 

121  15 

146  31 

0°  0' 

-  I  54 

-  3  41 

-  5  32 

-  7  21 

-  9  27 

-  II  30 
-13  43 

-  16  07 
-18  39 
-21  35 
-25  07 
-30  37 
-33  29 

0°  0' 

4  26 

9  04 

13  51 

19  II 

2445 

31  12 

38  43 

47  54 

59  50 

76  so 

118  02 

0°  0, 

—  236 

—  5  06 

—  7  43 

—  10  21 
-13  23 
-16  28 
-19  59 
-24  04 

—  29  02 
-36  16 
-61  58 

0°  0' 
5  08 
10  30 
16  06 
22  12 
28  43 
36  20 
45  21 
56  40 
72  26 
no  17 
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-  3  18 

-  6  32 

-  9  54 

-  13  22 
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-21  36 
-26  37 
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25  46 
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42  38 
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-36  06 
-47  II 
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SO 

55 

60 
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£ 

55 
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h 

A 
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Bottom 
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Bottom 
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Bottom 

Fo 

p    Bottom 

0° 

2I°S0' 

0°  0' 

0°  0' 

0°  0' 

0°  0' 

0°  0' 

0°  0'   0 

" 

0'     0°  0' 

S 

21  SS 

8  06 
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0  i 
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10 
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—  27  00    9 

I 
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15 
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-24  33         5 
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35  45 
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25 
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The  upper  and  lower  tangent  arcs  change  with  elevation,  E,  oi 
the  sun,  as  indicated  by  the  table  and  shown  in  Fig.  163,  copied 
from  Pernter-Exner,  "  Meteorologische  Optik."  Portions  below 
the  natural  horizon  can  only  be  seen  from  sufficient  heights. 

With  increase  of  elevation  of  the  sun  from  the  horizon  the 
branches  of  the  lower  tangent  arc  draw  closer  together;  become 

Fig.  163. 


35 


40 


Upper  and  lower  tanKcnt  arcs  at  s(jlar  elevations  indicated. 

pointed ;  cross,  forming  a  loop ;  then  open  out  and  turn  up  where 
they  merge  with  the  drooped  branches  of  the  upper  tangent  arc 
and  thus  form  an  enclosing  curve,  with  red  inner  border,  which, 
at  first,  when  the  elevation  is  30°  to  35°,  is  bagged  below;  then, 
when  the  elevation  is  50"  to  60",  approximately  elliptical;  and. 
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finally,  at  elevations  of  75^'  and  more,  indistinguishably  merged 
with  the  circular  halo.  The  brightest  portions  of  these  arcs  are 
at  and  near  the  points  of  tangency.  Hence,  when  the  solar  ele- 
vation is  35^^  to  45 '"^  the  lower  arc,  if  visible  over  only  its  bright- 
est part,  appears  as  an  inferior  tangent  arc,  which,  indeed,  it  is, 
circular,  perhaps,  and  limited  to,  say,  10°  to  20°,  which,  in  reality, 
it  is  not. 

Frequency  of  Horizontal  and  Rarity  of  Vertical  Tangent 
Arcs. — Since  the  theory  of  the  formation  of  the  horizontal 
(upper  and  lower)  tangent  arcs  of  the  halo  of  22°  is  identical 
with  that  of  the  vertical  (arcs  of  Lowitz),  it  will  be  interesting  to 
consider  why,  though  the  former  is  fairly  common,  the  latter  is 
extremely  rare.  Obviously  this  must  somehow  be  connected  with 
the  attitudes,  which  radically  do  differ,  of  the  principal  axes  of 
the  ice  crystals  that  produce  them.  The  horizontal  tangent  arcs 
are  produced,  as  already  explained,  by  crystals  whose  principal 
axes  are  horizontal,  and,  therefore,  by  columnar  crystals,  since 
these  and  these  alone  tend  to  assume  this  as  an  attitude  of  maxi- 
mum frequency  and  thus  produce  a  corresponding  concentra- 
tion of  light. 

The  vertical  tangent  arcs  (arcs  of  Lowitz),  on  the  other  hand, 
being  produced  by  crystals  whose  principal  axes  oscillate  in  that 
particular  vertical  plane  that  passes  through  the  sun  nearly  always 
are  too  faint  to  be  seen,  because,  in  part,  this  unique  attitude  can 
only  rarely  be  assumed  by  any  considerable  proportion  of  the 
crystals  present.  Even  the  combined  effect  of  the  crystals  in  all 
vertical  planes  is  seldom  noticed  because,  as  explained,  of  its 
W'idth  and  consequent  faint  nebulosity. 

Another  factor  that  probably  contributes  to  the  contrast  be- 
tween the  frequencies  of  occurrence  of  the  two  types  of  tangent 
arcs  is  the  fact  that  columnar  crystals  whose  principal  axes  tend 
to  lie  horizontal  probably  are  far  more  effective  as  refractors, 
or  halo  producers,  than  are  the  tabular  crystals  whose  principal 
axes  tend  to  stand  vertical.  This  is  because  the  tabular  crystals 
are  so  filled  with  air  spaces  or  other  heterogeneities,  as  shown 
by  their  photomicrographs,  that  anything  like  regular  trans- 
mission of  light  through  them  from  edge  to  edge  is  hardly  pos- 
sible. The  columns,  on  the  other  hand,  appear  to  be  more  nearly 
homogeneous  and,  consequently,  much  more  effective  as  refrac- 
tors.   This  is  partially  confirmed  by  the  fact  that  halos  often  are 


632 


W.  J.   Humphreys. 


[J.  F.  I. 


seen  close  at  hand  in  polar  regions  when  die  air  is  filled  with 
ice  needles,  and  rarely  if  ever  seen  in  ordinary  snowstorms  con- 
sisting essentially  of  tabular  crystals. 

The  greater  efficiency  (presumably),  then,  of  the  columnar 
crystal,  whose  principal  axis  tends  to  lie  horizontally,  as  a  re- 
fractor, over  that  of  the  tabular  crystal  whose  principal  axis  tends 
to  stand  vertical,  together  with  the  further  fact  that  the  orienta- 
tion of  the  vertical  plane  of  oscillation  must  nearly  always  be 
fortuitous,  seems  to  explain  why  the  horizontal  tangent  arc  of  the 
halo  of  22°  is  so  frequently  seen  and  the  vertical  so  rarely. 

It  should  be  remembered,  however,  that,  in  apparent  con- 
tradiction of  the  above  statements  concerning  the  maximum 
frequency  attitudes  of  the  principal  axes  of  ice  crystals,  there  are 
two  special  types  of  columnar  crystals  whose  principal  axes  tend 
to  stand  vertical;  namely,  those  that  are  shorter  than  broad 
(tabular  when  much  shorter  than  broad),  and  those  that  have 
tabular  caps.  Perhaps,  therefore,  all  halo  phenomena  are  due 
essentially  to  columnar  and  very  little  to  tabular  crystals. 

Parhelia  of  46° — Since  the  flat  ends  of  columnar  snow  crys- 
tals and  the  flat  sides  of  tabular  ones  both  are  at  right  angles  to 
the  side.s,  it  follows  that  optical  phenomena  must  occur  that  are 
produced  by  refraction  at  such  angles,  analogous  to  those  already 
explained  for  the  60°  angle. 

Let,  then,  the  90°  intersection  be  vertical,  as  it  is,  more  or 
less,  in  the  case  especially  of  columnar  crystals,  and  let  the  orien- 
tation 1)e  that  of  minimum  refraction.  If,  now,  the  sun  is  on 
the  horizon,  the  distance  from  it  to  either  of  its  refraction  images, 
also  on  the  horizon,  corresponding  to  the  angle  in  question,  are 
given  by  substitution  in  the  general  equation. 


Do  +  A 


/'  sm 


On  putting  /a=  1.3 i,  this  becomes 

sin  (  —  +  45°  1  =  1.3  r  sin  45°, 

from  which  Z),,  =  45°  44'. 

Hence,  these  images  are  known  as  the  parhelia  of  46°. 

With  increase  of  elevation  of  the  sun  the  inclination,  It,  of  the 
incident  ray  to  the  vertical  face  of  the  crystal  is  equally  increased, 
as  is  also  the  elevations  of  the  images,  as  we  know  from  previous 
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considerations.  Hence  the  positions  of  the  parheHa  of  46°  cor- 
responding to  different  elevations  of  the  sun  may  be  found  in  the 
same  manner  as  those  of  22°.  On  substituting,  then,  in  the 
equation. 

D'  +  y1         cos  k  .    A 

sin  =  n :  sin  —  . 

2  cos  /;         2 

in  wliicli  sin  h  =  h-  sin  k,  tlie  proper  values  of  i^  and  A,  namely  1.3 1 
and  90°,  respectively,  and  also  computing  the  corresponding 
values  of  A'.^.  one  obtains  the  following  table: 

h  D\.  A'o 


0 

45  44 

45  44 

5° 

46°  11' 

46°  0' 

10° 

47°  36' 

46°  50' 

15° 

50°  08' 

48°  18' 

20° 

54°  08' 

50°  38' 

25° 

60°  48' 

54°  36' 

^?°  . 

72°  48' 

61°  52' 

32°I2' 

90°  0' 

73°  30' 

These  parhelia,  like  those  of  22°,  also  trail  off  parallel  to  the 
horizon,  for  crystals  whose  attitudes  differ  somewhat  from  that 
of  minimum  refraction.  Such  trails,  however,  necessarily  are 
very  faint,  and  perhaps  never  observed.  In  fact,  these  parhelia 
themselves  are  only  rarely  seen. 

tlalo  of  46^ . — Since,  as  just  explained,  the  image,  5i  (Fig. 
164),  of  the  sun  produced  in  the  principal  plane  of  a  90°  refract- 
ing angle  of  an  ice  crystal,  as  seen  by  the  observer,  0^,  is  45°  44' 
from  the  sun,  S,  itself  (/a  =1.31),  it  follows  that  when  such 
cr)-stals  are  very  abundant  and  set  at  random  in  all  directions  the 
innumerable  images  so  produced  must  together  assume  the  shape 
of  a  ring  about  the  sun  of  radius  45°  44'.  This  is  the  well-known, 
though  not  very  common,  halo  of  46°. 

Whenever  at  all  conspicuous,  this  halo  also  shows  colors  (red 
being  nearest  the  sun)  which,  because  of  the  greater  dispersion 
produced  by  the  angle  of  90°  than  by  the  angle  of  60°,  are  more 
widely  separated  than  in  the  halo  of  22°.  Hence,  it  likewise  has 
the  greater  width  of  the  two — about  2°  36',  corresponding  to  the 
diameter  of  the  sun.  30'.  plus  the  dispersion,  that  is,  to  30'  +  Dv, 
{,x=  1.2,17) -Dr,  (ai=i.307)=3q'  +  47°  16' -45°  10'  =2°  36'. 

In  addition  to  the  colored  ring,  there  is  also  a  broad  outer 
band  of  diffuse  white  light  corresponding  to  all  refractions  other 
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than  the  minimum,  but  it  is  too  faint  and  too  uniformily  dis- 
tributed to  be  conspicuous,  or,  perhaps,  unmistakably  seen  even 
when  carefully  looked  for. 

Halo  of  po° . — Occasionally,  a  faint  white  halo,  sometimes 
called  the  halo  of  Hevelius.  is  seen  at  90^  from  the  sun. 

Several  explanations  of  this  halo  have  been  suggested,  but 
none  gives  it  the  right  distance  from  the  sun  or  is  otherwise 
satisfactory.  The  following  simple  theory  of  its  formation, 
therefore,  is  offered,  based  on  the  presence  of  fortuitously  di- 
rected columnar  crystals — short  columns.    Let  a  ray  of  whatever 

Fig.  164. 


S, 


Formation  of  halo  of  46°. 


wave-length  be  incident  at  R,  say  (Fig.  165).  on  the  llat  cutl  of 
a  columnar  crystal  in  the  direction  appropriate  to  fnininium  re- 
fraction, and  let  most  of  that  portion  of  it  reflected  at  R'  emerge 
from  the  opposite  face  at  R".  The  resulting  image,  S-2,  seen  by 
an  observer  at  On,  clearly  is  90°  from  S.  And  since  this  direction 
holds  for  the  more  concentrated  (minimum  refracted)  i)ortion 
of  every  color,  it  follows  that  the  resulting  90"  halo  must  be 
white.  It  also  must  be  more  sharply  dcfnied  on  the  side  away 
from  than  on  the  side  next  to  the  sun. 

Bouf/ticr's  Halo.  Jl'liitc  Halo  of  i j;6" . — Rays  entering  a  hori- 
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zontal  cnstal  face  at  R,  and  emerging  at  R'\  (Figs.  164  and 
165)  clearly  tnust  produce  a  faint  white  image  at  about  135°  44' 
(a»=  1.31)  from  the  sun,  and  a  cloud  of  such  horizontal  crystals 
a  white  halo  of  outer  radius  44 "^  16'  and  inner  radius  much  less 
alxuit  the  antisolar  point  as  a  centre.  Perhaps  this  is  the  Bou- 
guer's  halo,  or  false  white  rainbow,  the  theory  of  which  has  been 
considered  obscure. 

Circuniccnithal  Arc. — Occasionally,  an  arc  of,  perhaps,  90°, 
having  its  centre  at  the  zenith,  and,  therefore,  known  as  the  cir- 

FiG.  165. 


Formation  of  the  white  halo  of  90°. 

cumzenithal  arc,  is  seen  some  46°,  or  a  little  more,  above  the  sun. 
It  generally  lasts  only  a  few  minutes,  about  five  on  the  average, 
but  during  that  time  often  is  so  brilliantly  colored,  especially 
along  that  portion  nearest  the  sun — red  on  the  outside,  to  violet 
inclusive — as  to  be  mistaken  by  persons  unfamiliar  with  it  for 
an  exceptionally  bright  rainbow.  It  occurs  most  frequently  when 
the  altitude  of  the  sun  is  about  20°  and  at  times  when  the  par- 
helia of  22'  are  conspicuous.  Presumably,  therefore,  when  the 
principal  axes  of  a  large  portion  of  the  crystals  are  practically 
vertical.     That  is,  when  the  snow  crystals  are  largely  columnar 
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with  tabular  caps,  a  moderately  common  form,^''^  as  outlined  in 
Fig.  1 66. 

The  explanation  of  this  halo,  as  of  many  others,  was  first 
given  by  Bravais,^^^  and  is  very  simple. 

In  still  or  steadily  flowing  air  the  type  of  crystals  assumed 


Formation  of  circumzenithal  arc. 


will  keep  their  principal  axes  substantially  vertical.  Let,  then,  H 
(Fig.  i66)  be  the  altitude  of  the  sun  above  the  horizon,  and  also 
the  angle  between  the  incident  ray  and  the  upper  horizontal  sur- 
face of  the  crystal ;  let  0  be  the  angle  between  this  surface  and 


"*  Bcntley,  Monthly  Weather  Review.  30,  p.  609,  1902. 

'"  Mcmoire  sur  Ics  halos,  Joitnial  <lr  l' ficolc  f^olylcchuiqitt'.  3i"'<"  cahier, 
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the  retracted  ray,  and  let  //'  be  the  altitude  of  the  solar  image 
produced  by  the  90    prism. 


Mence. 

cos  H  =  H  cx)s 


and 


sill  //'   =  ,"  sin  e   =   yj  /"''   -  cos'  H. 


As  previously  explained,  the  angles  between  a  principal  plane 
(plane  normal  to  the  refracting  edge)  and  incident  and  emer- 
gent rays  are  equal.  Therefore,  since  the  position  of  the  image  is 
altered  by  rotation  of  the  crystal  about  its  principal  axis  while 
its  altitude  remains  unchanged,  it  follows  that  the  halo  so  pro- 
duced is  a  limited  circular  arc  whose  centre  is  the  zenith. 

From  the  equation  for  minimum  refraction, 

Do  +  A 


sm 


it  appears  that  in  the  present  case,  and  for  ^=  1.31, 

Do  =  45°  44'- 

This  corresponds  to  H  =  22°  8',  and  to  H'  =  67°  52'.     In  this  case 
H'  -H  =  45°  44', 

which  is  the  radius  of  the  46"^  halo. 

With  increase  or  decrease  of  the  altitude  of  the  sun  from 
22"  8',  the  solar  distance  of  the  circumzenithal  arc  increases,  but 
so  slowly  at  first  that  the  gain  amounts  to  only  about  1°  when 
the  Sim  has  sunk  to  16"^,  or  risen  to  ■zy'^ .  Hence,  this  arc  is  also, 
though  erroneously,  called  the  upper  tangent  arc  of  the  halo 
of  46'. 

When  the  sun  is  on  the  horizon  the  solar  distance  of  the 
circumzenithal  arc  is  57°  48',  and  the  interval  between  it  and  the 
46'  halo  12^4'.  On  the  other  hand,  the  arc  rapidly  converges 
on  the  zenith  as  the  altitude  of  the  sun  approaches  32°,  and  is 
theoretically  impossible  for  solar  altitudes  greater  than  32°  12'. 

Kern's  Arc. — Kern's  arc.  so  designated  from  the  name  of  the 
first  observer  to  report  ^'•'''  it,  occurs  exactly  opposite  the  corre- 

"'"  Kotiinklijk  nederlandsch  meteorologisch  Instituut.  Onzveders,  optische 
verschijn.,  enz..  in  Nederland,  1895,  O.  66. 
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sponding  circumzenithal  arc  and  011  the  same  circle.  It  might, 
therefore,  also  be  called  the  anticircumzenithal  arc. 

No  explanation  of  this  arc  is  at  hand.  Its  theory,  however, 
appears  to  be  identical  with  that  of  the  circumzenithal,  with  the 
single  exception  that  while  the  latter  is  produced  by  light  trans- 
mitted at  R  (Fig.  166)  the  former,  which  is  much  the  fainter  of 
the  two,^^^  is  due  to  that  portion  of  the  light  which  is  there 
reflected,  thus  producing  the  image  S". 

Circunilwricontal  Arc. — A  colored  arc,  red  on  the  upper  side, 
of  perhaps  90°  in  extent,  is  occasionally  seen  parallel  to  the  hori- 
zon and  about  46°,  or  a  little  more,  below  the  sun.  This  arc  is 
produced  by  light  entering  snow  crystals  through  vertical  sides 
and  passing  out  through  horizontal  bases,  and,  therefore,  the 
theory  of  its  formation  is  identical  with  that  of  the  circumzenithal 
arc.  On  merely  substituting  "  zenith  distance  "  for  "  elevation  " 
all  the  numerical  values  of  the  one  become  those  of  the  other. 
Hence,  the  circumzenithal  arc  cannot  appear  when  the  zenith 
distance  of  the  sun  is  greater  than  32'^  12'.  Similarly,  when  this 
distance  is  22°  8',  corresponding  to  minimum  refraction,  the 
solar  distance  of  the  circumhorizontal  arc  is  45 '^  44',  the  radius 
of  the  halo  of  46°.  Further,  for  all  values  of  the  zenith  distance 
of  the  sun  from  16°  to  27°  the  circumhorizontal  arc  is  within 
1°  of  tangency  to  the  halo  of  46°.  Hence,  it  is  also,  though  in- 
correctly, called  the  lower  tangent  arc  of  the  halo  of  46°. 

Lateral  Tangent  Arcs  of  the  Halo  of  ^6^ . — Just  as  flat-topped 
crystals  with  vertical  sides  produce  a  circumzenithal  arc  when 
the  altitude  of  the  sun  is  between  0°  and  t,2°  12',  so,  too.  similar 
crystals  whose  axes  are  horizontal  and  directed  towards  any 
point  whose  solar  distance  is  between  90°  and  57°  48',  or  be- 
tween 0°  and  32°  12',  produce  a  colored  arc — red  next  the  sun — 
about  this  directive  point  as  a  centre.  And  as  there  are  two  such 
points  corresponding  to  each  solar  distance,  one  to  the  right,  the 
other  to  the  left,  of  the  solar  vertical,  it  follows  that  arcs  formed 
in  the  above  manner  are  symmetrically  situated  with  respect  to 
this  vertical.  Further,  when  the  solar  di.stance  of  the  directive 
point  is  67°  52'  or  22°  8',  the  resulting  arc  is  tangent  to  the  halo 
of  46°.  and  as  always  some,  at  least,  of  the  innumerable  crystals 
are  turned  towards  this  point,  except  when  the  altitude  of  the 
sun  is  greater  than  these  values,  respectively,  it  follows,  with  the 

"'  MfltUhly  Weather  Ri'vicw,  34,  p.  124.  i()o6. 
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same  exceptions,  that  the  blend  of  the  numerous  arcs  produced 
by  the  various  directed  crystals  is  always  tangent  to  the  halo  of 
46^,  and  also  that  except  near  the  point  of  tangency  only  the  red 
of  these  blends  is  reasonably  pure. 

Obviously,  there  are  two  classes  of  lateral  tangent  arcs, 
namely,  lower,  as  seen  at  5i  by  an  observer  at  0^  (Fig.  164),  and 
upper,  as  seen  at  vS'o  by  an  observer  at  Oo.  These  will  next  l>e 
considered  separately  as  infralateral  and  supralateral  arcs. 

Infralatcral  Tangent  Arcs  of  the  Halo  of  46°. — Let  the  circle 
about  .S  (Fig.  167)  be  the  halo  of  46°  ;  let  the  altitude,  H,  of  the 
sun  be  less  than  6y^  52',  and  let  the  principal  axes  of  the  columnar 
crystals  be  horizontal  and  directed  towards  the  point,  P,  on  the 
horizon  distant  67°  52'  from  5.  As  previously  explained,  the 
infralateral  tangent  arcs  will  be  tangent  to  this  halo  at  the  point 
T.  where  it  is  intersected  by  the  arc  SP.  The  position  of  T  may 
easily  be  determined  from  the  value  of  the  angle  A,  between  the 
vertical  SB  and  the  arc  SP. 

Obviously,  from  the  right  spherical  triangle,  SBP, 

cos  A    =  tan  H  cot  67°  52'. 

Since  refraction  by  the  crystal  is  limited  to  solar  distances  of 
P  between  57^  48'  and  90°,  it  follows  that  A^^  and  A^,  corre- 
sponding to  the  lower  and  upper  ends  of  the  tangent  arc,  are 
given  by  the  equations, 

C09,  Ai   =  tan  H  cot  57^  48' 
and 

Ai  =  90°, 
respectively. 

When  the  altitude  of  the  sun  is  ^y°  48',  or  a  little  greater, 
the  two  tangent  arcs,  springing  from  a  common  point  on  the 
solar  vertical,  form  a  wide  V. 

When  the  solar  altitude  equals  67°  52',  the  two  arcs,  now^ 
merged  into  a  smooth  continuous  curve,  are  tangent  to  the  halo 
at  its  lowest  point. 

Finally,  for  altitudes  of  the  sun  greater  than  67°  52',  the 
arcs,  still  appearing  as  a  single  curve,  are  slightly  separated  from 
the  circular  halo  even  at  its  lowest  and  closest  point. 

Supralateral  Tangent  Arcs. — When  the  altitude  of  the  sun  is 
less  than  22°  8'  supralateral  tangent  arcs  similar  to  the  infra- 
lateral  are  produced. 
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The  point  of  tangency  of  the  supralateral  tangent  arc  with 
the  halo  of  46°  is  given  in  terms  of  the  arc.  A,  on  this  halo  from 
its  upper  point. 

When  the  solar  altitude,  H,  is  less  than  22°  8', 

cos  A    =   tan  H  cot  22°  8'. 

Similarly,  the  possible  end  of  the  arc  is  given  by  the  equation^ 

cos  A'   =  tan  H  cot  32°  12'. 

When  the  altitude  of  the  sun  is  22°  8',  both  arcs,  forming  a 
continuous  curve,  are  tangent  to  the  halo  at  its  highest  point. 
Finally,  for  altitudes  between  22°  8'  and  the  extreme  limit,. 

Fig.  167. 


Formation  of  the  lateral  tangent  arcs  of  the  halo  of  46°. 

32°  12',  these  arcs  are  more  or  less  above  the  halo  of  46°. 

The  following  table  gives  the  value  oi  A  for  different  alti- 
tudes of  the  sun. 


In 

fralate 

ral  arcs. 

// 

.1 

0° 

90° 

0' 

10° 

85° 

54' 

20° 

81° 

35' 

30° 

76° 

25' 

40° 

7^° 

03' 

50° 

61° 

00' 

60° 

45° 

13' 

67° 

52' 

0° 

0' 

Supralo 

teral  arcs. 

H 

A 

0° 

90°     0' 

5° 

77°  35' 

10° 

64°  18' 

15° 

48°  47' 

20° 

26°  30' 

22°  8' 

0°    0' 

25° 

0°    0' 

30° 

0°    0' 

32°  12' 

0°    0' 
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Haios  of  i'liusital  Radii. — Halos  of  various  radii  other  than 
those  already  given  have  occasionally  been  reported.  They  can 
readily  be  accounted  for  on  the  assumption  that  the  columnar  ice 
crystals  have  certain  pyramidal  bases  that  afiford  the  appropriate 
refraction  angles. 

Secondary  Halos. — Obviously,  each  bright  spot  of  the  pri- 
mary halo  phenomena,  especially  the  upper  and  lower  points  of 
the  22^  circle  and  its  parhelia,  must  in  turn  be  the  source  of 
secondary  halos.  Doubtless,  the  22°  halos  of  the  lateral  par- 
helia contribute  much  to  the  flaring  vertical  column  through  the 
sun  that  occasionally  has  been  seen;  and,  perhaps,  the  brilliant 
upper  and  lower  points  of  the  halo  of  22°  may  produce  faint 
secondary  parhelic  circles.  In  general,  however,  very  few  of  the 
secondarA'  halos  are  ever  bright  enough  to  be  seen  even  when 
carefully  looked  for. 

Singular  Halos. — A  few  halos  not  included  in  any  of  the 
above  classes  have  been  once  reported.  No  satisfactory  explana- 
tions of  them  have  been  offered.  Clearly,  though,  since  the  ice 
crystal  appears  in  many  modified  forms — with  flat  tubular,  and 
pyramidal  ends,  for  instance — and  even  in  orderly  clusters,  it  is 
obvious  that  although  only  a  few  halos  are  well  known,  a  great 
many  are  possible. 

Chapter  V. 

REFLECTION   PHENOMENA. 

A  FEW  optical  phenomena  of  the  atmosphere,  usually  classed 
as  halos,  are  produced  by  simple  reflection. 

Parhelic  Circle. — Very  occasionally,  a  white  circle,  perhaps 
faint  and  tending  to  be  diffuse,  passes  through  the  sun  parallel 
to  the  horizon  and,  therefore,  crosses  the  positions  of  the  par- 
helia, anthelion,  paranthelia,  etc.  This  circle  is  produced  by 
simple  reflection  (hence  it  is  white)  from  vertical  faces  of  ice 
crystals,  as  may  easily  be  demonstrated. 

To  this  end,  let  PP  (Fig.  168)  be  a  plane  parallel  to  the 
horizon  and  normal  to  a  vertical  face  of  an  ice  crystal  at  C. 
Let  SC  be  an  incident  ray  reflected  to  the  observer  at  O.  Let 
CN  be  normal  to  the  reflecting  face,  and  lie  in  the  plane  PP. 
By  the  law^s  of  reflection,  CS,  CN,  and  CO  lie  in  a  common 
plane,  and  the  angle  SCN  -  the  angle  OCA''.    If,  now,  CO'  =  CO, 
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and  O'M  and  OM'  be  drawn  normal  to  the  plane  PF,  it  is  obvious 
that  the  triangle  A''il/0'  =  the  triangle  NM'O,  and  that  M0'  = 
M'O.  Hence,  as  the  angles  CMO'  and  CM'O  are  right  angles, 
and  CO' -CO,  the  angle  MCO',  that  is,  the  elevation  of  the  sun 
above  the  plane  PP,  or  above  the  plane  of  the  horizon  to  which 
PP  is  parallel  =  the  angle  M'CO,  the  angle  of  depression  at  C 
of  O  below  the  plane  PP,  or  angle  of  elevation  of  the  crystal,  C, 
above  the  observer's  horizon. 

But  C  is  the  position  of  any  vertical  face  that  reflects  light 
to  the  observer  at  O.  Hence,  the  parhelic  circle  passes  through 
the  sun  and  is  parallel  to  the  horizon.  Hence,  also,  it  is  super- 
imposed upon  such  parhelia  and  parhelic  tails  as  may  coexist.  Oc- 
casionally, therefore,  one  may  ht  unable  to  distinguish  between  a 

Fig.  168. 


Formation  of  the  parhelic  circle. 

portion  of  a  parhelic  tail  and  a  segment  of  the  parhelic  circle. 
There  can  l)e  no  doubt,  however,  in  regard  to  any  portion  that 
occurs  nearer  the  sun  than  the  appropriate  positions  of  the  par- 
helia of  22".  Such  portion  cannot  be  produced  by  refraction,  and, 
consequently,  must  belong  to  the  parhelic  circle. 

Since  the  formation  of  this  circle  ro(|iiircs  a  j)redominance 
of  vertical  faces,  and  since  a  sini|)k'  columnar  hexagonal  prism 
tends  not  only  to  keep  its  major  axis  horizontal  but  also  one  of 
its  faces  down,  it  follows  that  the  re(|uircd  vertical  surfaces  must 
be  either  the  flat  ends  of  such  crystals,  or,  most  probably,  the  hex- 
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agonal  faces  of  columnar  crystals  with  tabular  capped  ends 
(Fig.  151).  In  the  latter  case,  parhelia  are  also  very  likely  to 
appear,  while  in  the  former  they  are  apt  to  be  entirely  absent, 
and  even  the  parhelic  circle  itself  too  faint  to  be  clearly  observed. 
Anthclion. — On  rare  occasions  a  bright  white  spot,  known 
as  the  anthelion,  is  seen  on  the  parhelic  circle  opposite  the  sun. 
Of  course,  all  cr}'Stals  that  contribute  to  the  production  of  the 
parhelic  circle  also  add  to  the  brightness  of  the  anthelion,  but 
as  the  latter  sometimes  occurs  when  the  circle  is  inconspicuous, 
or  not  even  seen,  it  follows  that  the  supplementary  light  must 

Fig.  169. 


Formation  of  the  anthelion. 

be  accounted  for  in  some  other  way.  A  possible  explanation  is 
found  in  the  action  of  columnar  crystals  with  tabular  caps  at 
each  end  (Fig.  151).  When  both  caps  are  the  same  size,  or 
nearly  so,  and  the  columnar  portion  rather  long  the  principal 
axes  of  such  crystals  must  tend  to  remain  horizontal,  whatever 
the  amplitudes  of  their  oscillations.  Now,  whenever  a  crystal 
of  this  kind  is  horizontal,  and  one  pair  of  its  hexagonal  faces 
vertical,  light  incident  at  whatever  angle  on  either  of  these  faces 
and  finally  reflected  by  the  cap,  or  the  reverse  (see  Fig.  169), 
will  take  such  a  course  that  the  inclination  of  the  reflected  ray  to 


644 


\V.   J.   Humphreys. 


IJ.F.  I. 


the  plane  of  the  horizon  will  be  the  same  as  that  of  the  incident 
ray,  and  the  projected  directions  on  this  plane  exactly  opposite 
to  each  other.  Hence,  this  type  of  crystal  will  send  nuich  light 
to  an  observer  from  that  point  of  the  parhelic  circle  directly 
opposite  the  sun,  enough,  perhaps,  when  such  crystals  are  par- 
ticularly abundant,  to  produce  a  noticeably  bright  anthelion. 

Oblique  Arcs  of  the  Anthclion.-^On  several  occasions  from 
one  to  four  oblique  white  arcs  have  been  seen  to  pass  through 
the  anthelion.  Usually,  when  they  occur,  there  are  two  such 
arcs  symmetrically  placed  on  either  side  of  the  vertical.  The 
cause  of  these  arcs  is  not  definitely  known,  but  as  they  are  white 
(only  once  reported  to  show-  colors)  it  appears  that  presumably 
they  are  owing  to  reflection. 


Fig.  170. 


End  views  of  columnar  crystals  with  tabular  caps. 

Possibly  some,  at  least,  of  these  arcs  may  be  caused 
as  follows : 

Let  Fig.  170  /\  and  \)  be  end-on  views  of  horizontal  co- 
lumnar crystals  with  tabular  cai)s.  .\'s  position  seems  to  be  the 
stablest  for  crystals  falling  in  still  air,  while  Ws  position,  per- 
haps, is  (jne  of  secondary  stability. 

H,  now,  these  crystals  should  oscillate  about  their  diagonals, 
AB,  CI),  etc.,  as  |K)ssibly  they  do,  they  clearly  would  produce 
white  arcs  through  the  anthelion,  symmetrically  arranged  on 
cither  .side  of  its  vertical.  (Vy.stals  in  the  //  i)osition  would  give 
arcs  diverging   120"    from  each  other,  while  the  angle  between 
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the  arcs  produced  by  crystals  in  the  B  position  would  be  only 
halt  as  great,  or  60  \ 

Parhelia  of  120^. — Bright  spots  that  show  no  trace  of  color 
are  occasionally  seen  on  the  parhelic  circle  120°  from  the  sun,  in 
azimuth,  or  60"^  from  the  anthelion.  These  are  known  as  the 
parhelia  of  120  \  and  while  their  origin  is  not  certain,  the  fact 
that  they  are  white  is  well  nigh  conclusive  evidence  that  they  are 
somehow  produced  by  simple  reflection,  possibly  from  the  faces 
of  rei'ntrant  angles. 

Fig.  171. 


Formation  of  parhelia  of  60°. 


These  angles,  which  are  of  frequent  occurrence  in  tabular 
crystals,  are  of  two  values,  60°  and  120°,  respectively,  as  shown 
in  Figs.  171  and  172.  And  since  such  crystals  fall  more  or  less 
flatwise,  the  polygonal  faces  tend  to  remain  vertical.  Hence, 
when  the  crystals  are  rather  thick  and  the  faces  of  the  reentrant 
angles,  therefore,  sufficiently  broad,  light  incident  on  one  such 
face  may  be  reflected  to  its  companion  and  then  from  it  in  turn 
in  such  direction  that  the  projections  of  the  initial  and  final  rays 
onto  the  plane  of  the  horizon  will  differ  in  direction  by  120°,  as 
is  obvious   from  Figs.   171  and   172.     Both  angles  produce  the 
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same  effect,  though,  owing  to  the  value  of  the  angles  of  incidence 
involved,  the  120°  one  presumably  is  the  most  effective. 

Parhelia  of  ^0°. — The  brightest  spots  that  on  rare  occasions 
are  on  the  parhelic  circle  midway  between  the  sun  and  the  ant- 
helion,  that  is,  the  parhelia  of  90^  probably  are  owing  merely  to 
the  intersection  of  this  circle  with  the  halo  of  90°.  Both  circles 
are  white,  and,  therefore,  the  brighter  spots  produced  by  their 
intersection  are  also  white. 

Pillars. — During  very  cold  weather  vertical  pillars  of  white 
light  are  often  seen  extending  above  and  below  the  sun,  when 
its  elevation  is  small,  or  merely  rising  above  it,  when  it  is  on 
the  horizon. 

The  upper  and  lower  portions  of  these  pillars,  counting  from 
the  sun,  are  owing,  as  has  long  been  known,  merely  to  reflec- 
tion by  the  under  and  the  upper  surfaces,  respectively,  of  tabular 
ice  crystals. 

Crosses. — On  very  rare  occasions  strips  of  white  light  have 
been  seen  to  intersect  over  the  sun  at  right  angles.  This  rare 
phenomenon  is  owing,  presumably,  merely  to  the  simultaneous 
occurrence  of  a  parhelic  circle,  or  segment  of  it  next  the  sun.  and 
a  light  pillar.  Possibly  it  might  also  be  produced  by  the  inter- 
section of  the  secondary  halos  of  22°,  or  even  by  some  combina- 
tion of  "  pillar,"  parhelic  circle,  and  secondary  halos.  A  com- 
petent observer,  however,  could  easily  distinguish  between  the 
several  possible  causes  of  a  light  "  cross,"  and  thus  determine  the 
actual  origin  of  any  particular  instance  of  this  phenomenon  he 
might  happen  to  see. 

Chapter  VT. 

diffraction  phenomena. 

Coronas. — Coronas  consist  of  one  or  more  sets  of  rainbow- 
colored  rings,  usually  of  only  a  few  degrees  radius,  concentrically 
surrounding  the  sun,  moon,  or  other  l)right  object  when  cov- 
ered by  a  thin  cloud  veil.  They  differ  from  halos  in  having 
smaller  (except  in  rare  cases)  and  variable  radii,  and  in  having 
the  reverse  order  of  colors;  that  is,  blue  nearest  the  sun.  say,  and 
red  farthest  away. 

Clearly,  then,  coronas  are  caused  by  diffraction,  or  the  dis- 
tribution of  effective  (non-neutralizing)   {|uantities  of  light  off 
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the  primary  path,  resulting  from  the  action  of  cloud  particles  on 
radiation  incident  from  a  distant  source. 

Consider,  then,  the  diffractive  action  of  a  layer  of  innumer- 
able water  droplets  on  a  parallel  beam  of  monochromatic  light. 

In  this  case  the  wave  front,  or  continuous  locus  of  any  given 
phase,  is  flat — pits  and  pimples  on  it  would  quickly  be  smoothed 
out  by  dispersion — and  everywhere  normal  to  the  line  of  travel. 
Also  the  droplets,  because  of  their  very  short  focal  lengths  and 
consequent  great  dispersive  power,  alifect  the  parallel  beam  sub- 
stantially as  would  so  many  opaque  disks  each  of  the  size  of  a 
great  circle  of  the  corresponding  droplet  and  normal  to  the  line 
of  travel.  Furthermore,  as  the  incident  light  is  parallel  the 
centres  of  the  droplets  may  be  regarded  as  lying  in  a  common 
plane,  each  being  located  where  the  line  of  sight  to  its  actual 
position  intersects  the  plane  in  question. 

Fig.  172. 


Formation  of  parhelia  of  120°. 

The  problem,  then,  reduces  to  that  of  finding  the  diffraction 
pattern  produced  in  an  isotropic  transparent  medium  by  a  great 
many  irregularly  distributed  opaque  disks  on  a  plane  wave  front 
of  monochromatic  light. 

For  the  solution  of  this  problem,  it  is  convenient  to  make 
use  of  the  fact,  first  explained  by  Huygens,  and  later  developed 
by  Fresnel,  Stokes,  Rayleigh  and  others  (see  any  good  work  on 
optics),  that  each  point  in  a  wave  front  may  itself  be  regarded 
as  a  secondary  source  of  light  of  the  same  color. 

According  to  Stokes,'^"  the  intensity  in  different  directions 
of  the  secondary  radiation  is  proportional  to  i  +cos^,  in  which 

^  Math,  and  Phys.  Papers,  vol.  ii,  p.  243;  Camb.  Phil.  Trans.,  9,  i,  1849. 
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0  is  the  angle  of  deviation  from  the  course  of  the  parent  light. 
That  is,  it  is  symmetrically  distributed  about  the  normal  to  the 
wave  front  at  the  secondary  source,  with  its  maximum  value 
straight  forward  and  minimum  (zero)  directly  back. 

A  further  aid  to  the  solution  of  this  problem  is  furnished 
by  Babinet's  principle,  which  may  be  explained  as  follovvS : 
When  parallel  light  passes  through  a  large  opening  in  an  opaque 
screen,  but  little  illumination  occurs  outside  the  primary  beam, 
and  that  little  owing  to  rays  from  the  edge  of  the  opening  whose 
angle  of  deviation  from  the  original  direction  is  very  small.     If. 

Fig.  173. 


Diffraction  by  a  circular  (ipcning. 

now,  this  large  opening  should  be  partially  covered  by  a  great 
many  opaque  disks,  as  assumed  in  the  problem  under  considera- 
tion, and  if  illumination  should  result,  as  it  does,  at  places  where 
formerly  there  was  complete  shadow,  then,  if  the  opaque  disks 
should  become  transparent  and  the  transparent  interspaces 
()])a(|ue,  precisely  the  same  illumination  in  the  "  .shadow  region  " 
would  obtain  as  before,  but  in  exactly  the  opposite  phase,  as  is 
obvious  from  the  fact  that  the  two  illuminations  acting  together 
produce  darkness. 

liabinet's   principle,   therefore,    enables   one   to   use  circular 


Nov..  1919.]  Optics  of  the  Air.  649 

openings  and  opaque  disks  interchangeably  in  the  solution  of 
diffraction  problems.  And  as  it  is  easier  to  discuss  the  circle 
mathematically  than  an  irregular  area  the  above  problem  will 
be  substituted  by  its  physical  equivalent.  That  is,  circular  open- 
ings in  an  opaque  screen  will  be  substituted  for  opaque  disks  on 
a  wave  front. 

Let  O  (Fig.  173)  be  the  centre  of  a  small  circular  opening 
of  radius  a  in  an  opaque  screen,  and  let  parallel  light  pass  through 
this  opening,  normal  to  its  plane,  in  the  direction  OB.  Let  the 
plane  fixed  by  P.  the  point  whose  illumination  is  to  be  determined, 
and  the  line  OB  intersect  the  circle  in  the  diameter  bb',  and  let  the 
angle  BOP  -  6.  Finally,  let  r  be  the  distance  of  any  element  of 
the  circle  from  the  centre,  0,  c,  the  foot  of  the  perpendicular 
from  this  element  onto  the  diameter  bb' ,  and  a  the  angle  between 
r  and  the  radius  Ob. 

Clearly,  then,  the  difference  of  phase  at  P  between  light  from 
an  element  of  the  wave  front  at  b  and  from  any  other  element  is 
given  by  the  expression 

Cd  2Tr  . 

27r  -:-    or   -r-  (a  —  r  COS  )  a  sin  6, 

in  which  A  is  the  wave-length.  Also,  since  the  displacement  at 
P  owing  to  the  element  at  b  is  given  by  the  expression 

sin  2ir  ■=  r  da  dr. 

in  which  t  is  the  time  of  travel  from  b  to  P  and  T  the  period, 
the  total  displacement,  X,  at  P  is  given  by  the  equation, 


/         a  sin  d    \    ,    r  sin  d 

+  —r. —    cos  a 


T  X         J    '  -A 

Hence,  developing,  and  putting 

/27r       ra 
I      COS  2x  f  ^    sin  d  cos  a    jr  da  dr   = 
c/o 


r  da  dr. 


and 


f  r-  sin  0  cos  a   ]  r  da  dr   =   B 


V         A     ■           (^        <»  sin  «\     ,     „  (  t         a  sin  (9 \ 

X   =  A^.n  2.  \j- —  )  +  B  cos  2.[j--^  y 
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Therefore,  A  and  B  are  components  at  right  angles  to  each 
other  of  the  resultant  amplitude.  Hence,  the  intensity,  /,  is  given 
by  the  equation, 


Putting 


irr  sin  9 

A  =    I  I       cos  (2/3  r  cos  n)  dn  r  dr 

Jo        Jo 


(20  r  cos  «)-      ,      (2(3  r  cos  ")^    __._."! 


+  -^ —  -  •  -  •    (fa  r  dr 


1.2  I-2-3-4 


2/S«  r'  (/r 


■•] 


»/0 

and,  putting 

T  7ra  sin  0 

P  a  =  : —    =  m. 

L  13  (1-2)'        4  (1-2-3)'  J 

A  similar  development  gives  the  other  component  in  terms 
of  a  series  of  odd  valued  sines  of  a.  Hence,  as  the  elements  are 
symmetrically  distributed  on  either  side  of  the  diagonal  hh', 
B  =  0,  and 

/  =  /P. 

On  giving  m  various  values,  tables  and  curves  of  intensity 
may  1)€  constructed.  The  following  table  by  Air>',  copied  from 
Mascart's  "  Traite  d'opticiuc."  v.  I.  ]).  310,  is  restricted  to  that 
portion  of  the  expression  within  llu-  l)rackets. 

The  following  table  of  diffraction  maxima  and  minima  is  also 
copied  from  Mascart,  I.e.,  p.  312. 
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m 

.4 

/ 

m 

A 

/ 

0.0 

1 .0000 

1 .0000 

3.0 

—  0.0922 

0.0085 

O.I 

0.9950 

0.9900 

3-1 

-0.0751 

0.0056 

0.2 

0.9801 

0.9606 

3.2 

—  0.0568 

0.0032 

0-3 

0-9557 

0.9134 

3-3 

-0.0379 

0.0014 

0.4 

0.9221 

0.8503 

3-4 

—  0.0192 

0.0004 

0-5 

0.8801 

0.7746 

3.5 

-0.0013 

0.0000 

0.6 

0.8305 

0.6897 

3-6 

O.OI51 

0.0002 

0.7 

0.7742 

0.5994 

■  3-7 

0.0296 

0.0009 

0.8 

0.7124 

0.5075 

3-8 

0.0419 

0.0017 

0.9 

0.6461 

0.4174 

3-9 

0.0516 

0.0027 

I.O 

0.5767 

0.3326 

4.0 

0.0587 

0.0035 

I.I 

0.5054 

0.2554 

4.1 

0.0629 

0.0040 

1.2 

0.4335 

0.1879 

4.2 

0.0645 

0.0042 

1-3 

0.3622 

0.1312 

4-3 

0.0634 

0.0040 

1.4 

0.2927 

0.0857 

4.4 

0.0600 

0.0036 

1-5 

0.2261 

0.0511 

4-5 

0.0545 

0.0030 

1.6 

0.1633 

0.0267 

4.6 

0.0473 

0.0022 

17 

0.1054 

O.OIII 

4-7 

0.0387 

0.0015 

1.8 

0.0530 

0.0028 

4.8 

0.0291 

0.0008 

1-9 

0.0067 

0.0000 

4.9 

0.0190 

0.0004 

2.0 

-0.0330 

O.OOII 

5-0 

0.0087 

O.OOOI 

2.1 

—  0.0660 

0.0044 

5-1 

—0.0013 

0.0000 

2.2 

—  0.0922 

0.0085 

5-2 

—  0.0107 

O.OOOI 

2.3 

-0.1116 

0.0125 

5.3 

— 0.0191 

0.0004 

2.4 

—0.1244 

0.0155 

5-4 

—  0.0263 

0.0007 

2.5 

-0.1310 

0.0172 

5-5 

-0.0321 

O.OOIO 

2.6 

-0.1320 

0.0174 

5-6 

-0.0364 

0.0013 

2.7 

-0.1279 

0.0164 

5-7 

-0.0390 

0.0015 

2.8 

-0.1194 

0.0143 

5-8 

—0.0400 

0.0016 

2.9 

-0.1073 

O.OII5 

5-9 

-0.0394 

0.0016 

30 

—0.0922 

0.0085 

6.0 

-0.0372 

0.0014 

I 


Diffraction  Maxima  and  Minima. 


m 

Maxima 

Minima 

TT 

Diff. 

/ 

"tt 

Diff. 

/ 

I 

0.000 

0.819 

1 .00000 

0.610 

0.506 

0 

2 

0.819 

0.527 

0.01745 

1. 116 

0.503 

0 

3 

1.346 

0.512 

0.00415 

1. 619 

0.502 

0 

4 

1.858 

0.504 

0.00165 

2. 121 

0.501 

0 

5 

2.362 

0.500 

0.00078 

2.622 

0.500 

0 

6 

2.862 

0.500 

0.00043 

2.122 

0.500 

0 

7 

3362 

0.500 

0.00027 

3.622 

0.501 

0 

8 

3-862 

0.500 

0.00018 

4.123 

0.500 

0 

9 

4.362 

0.00012 

5-623 

0 
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It  will  be  noticed  that  the  decrease  of  intensity  from 
maximum  to  minimum,  though  large  at  first,  quickly  becomes 
very  small. 

From  the  values  of  —  ,  corresponding  to  diffraction  minima,. 
it  is  evident  that 

sin  0  =  (w  -)-  0.22)  — ,  very  nearly, 
2a 

in  which  n  is  the  order  of  the  minimum,  counting  from  the  centre. 

This  important  equation  gives  the  angular  distance  from  the 
light  source  at  which  the  successive  diffraction  minima  occur  for 
any  particular  w^ave-length  and  size  of  drop  or  disk.  It  also  gives 
the  diameter  of  the  drop  when  the  wave-length,  angular  distance 
from  the  centre,  and  order  of  the  minimum  are  known.  Fur- 
thermore, it  shows  that  the  larger  the  wave-length  and  the 
smaller  the  droplet  the  larger  the  diffraction  circle,  or  halo. 

The  above  discussion  applies  to  a  single  circular  disk  on  the 
wave  front.  An  exact  duplicate  disk  obviously  would  produce 
an  exact  duplicate  diffraction  pattern.  If,  then,  t\vo  such  disks 
occur  close  together,  and  if  the  distance  between  their  centres, 
or  other  homologous  points  is  b,  and  c/>  the  angle  between  the 
line  connecting  these  points  and  the  line  connecting  the  farthest 
to  the  point  of  observation,  then  the  difference  in  phase  between 

the  two  lights  at  the  latter  place  is  2w  -^^  ,  and  a  secondary 
diffraction  pattern,  in  addition  to  the  two  primary  circular  ones, 
is  produced,  directed  at  right  angles  to  the  line  connecting 
the  centres  of  the  disks.  Similarly,  conspicuous  diffraction 
patterns  are  ])r()(luced  by  any  regular  geometric  distribution  of 
many  disks. 

Let,  however,  the  disks,  or  droplets,  be  numerous,  irregularly 
distributed,  and  all  of  the  same  size  (if  of  various  sizes  their 
effects  cannot  easily  be  summed  up).  Let  each  produce  at  a 
given  point  a  disturbance  whose  amplitude  is  A,  but  let  the  phases 
be   ',,  f^ 'n,  and  let  R  be  the  resultant  amplitude. 

Then, 

7?2   =   S  (/I  COS')'  +  2  (/I  sin  ')\ 
=   /IM  (cos' I   +  cosfj  -|- h  cos'n)'  -|-  (si"  '1   +  sinfj  +  -  .  -  .  -f  sin'„)- 

y?'    =   A'^  (n  cosV  -|-   n  sin-'    4-  2«  cos  f  cos  ''  -|-  2ti  sin  '  sin  ''), 
=   /I'm   +  2/1'  H  cos  (f   -  ''). 
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But  as  n  is  large  and  the  disks  irregularly  scattered,  it  is  clear 
.that  the  phase  ditYerence,  f  -  .-',  between  the  innumerable  pairs 
will  have  all  manner  of  values  with,  on  the  whole,  the  positive 
and  negative  well  balanced.     Hence,  as  close  as  can  be  detected, 

K-    =   uA\ 

That  is.  the  diffraction  rings,  corona,  for  instance,  produced 
by  a  large  number,  n,  of  irregularly  distributed  neighboring  drop- 
lets are  the  same  as  those  produced  by  any  one  of  them,  but  n 
times  as  bright. 

When  the  incident  light  is  complex,  the  diffraction  pattern 
produced  by  the  several  wave-lengths  necessarily  overlap  and 
produce  correspondingly  colored  rings — red,  if  present,  being 
the  outermost,  and  blue  the  mnermost. 

Sice  of  Cloud  Particles. — Since  the  diffraction  pattern  pro- 
duced by  a  great  many  irregularly  distributed  droplets  of  uni- 
form size  is  the  same  as  that  due  to  a  single  one,  it  is  clear  that 
the  size  of  the  cloud  particles  producing  coronas  may  be  deter- 
mined by  the  equation, 

sin  e   =   hi  +  0.22)  —  , 
2a 

in  which,  as  already  explained,  0^  is  the  angular  distance  from 
the  centre  of  the  corona  to  the  nth  minimum  corresponding  to 
light  of  the  wave-length.  A,  and  a,  the  radius  to  be  determined. 

Measurements  made  in  this  manner  have  shown  that  the 
radii  of  corona-producing  cloud  droplets,  though  varying  over  a 
considerable  range,  commonly  average  about  .007  mm.  to 
.010  mm. 

It  may  be  interesting  to  note  in  this  connection  that  a  con- 
tracting or  decreasing  corona  implies  growing  droplets  and,  per- 
haps, the  approach  of  rain;  and  that  an  expanding  corona  implies, 
on  the  other  hand,  decreasing  or  evaporating  droplets  and,  pre- 
sumably, the  approach  of  fair  weather. 

Fig.  174,  copied  from  an  instructive  article  by  Simpson, ^''^ 
gives  the  angular  and  intensity  distribution  of  the  monochro- 
matic light  A  =  .000571  mm.  in  a  corona  produced  by  droplets  of 
.01  mm.  radius. 

Droplets  versus  Ice  Needles  as  Producers  of  Coronas. — When 

"*  Q.  Jr.  Roy.  Met.  Soc,  38,  p.  291,  1912. 
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coronas  are  seen  in  clouds  whose  temperature  is  above  o°  C, 
or  in  which  halos  do  not  form,  it  is  certain  that  they  are  due  to 
droplets.  It  is  well  known,  however,  that  the  most  brilliant 
coronas — those  of  multiple  rings  and  large  diameter — usually 
are  formed  by  very  high  clouds  whose  temperature  often 
must  be  far  below  freezing.  Naturally,  then,  it  has  been 
inferred  that  these  coronas  are  produced  by  the  diffractive 
action  of  ice  needles.  Simpson,^^^  however,  appears  to  have  dis- 
proved the  probability  that  they  are  formed  in  this  manner.  "  On 
no  occasion,"  he  says,  referring  to  his  stay  in  the  Antarctic, 
"  were  a  corona  and  halo  seen  at  the  same  time  on  the  same 
cloud."  Furthermore,  he  explains",  as  the  axes  of  the  needles  are 
essentially  horizontal,  this  being  their  stable  position,  only  those 

Fig.  174. 


> 

t.l2 
I/) 

Z 

h.OI 


.00 


2  4°  6°  8°  10°          12^ 

Distribution  of  intensity  by  droplets,  radius:=  o.oi  mm.,  /,  =  .571  ft. 


at  right  angles  to  radii  from  the  sun,  or  otJier  luminary,  could 
produce  coronas  of  the  kind  observed,  while  the  equally  numer- 
ous crystals  of  every  other  orientation  would  produce  such  dif- 
ferent patterns  that  the  total  effect  probably  could  be  but  little 
more  than  white  light — certainly  nothing  approaching  the  pure 
brilliant  colors  often  seen  in  these  coronas. 

Presumably,  therefore,  tke  brilliant  coronas  of  high  clouds 
are  due  to  very  small  undercooled  water  droplets  of  approxi- 
mately uniform  size,  and  not,  as  has  generally  been  supposed,  to 
ice  needles. 

Iridescent   Clouds. — Thin   and   perhaps   slowly   evaporating 
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cirro-stratus  and  cirro-cumulus  clouds  occasionally  develop  num- 
erous iridescent  borders  and  patches  of-  irregular  shape,  especially 
of  red  and  green,  at  various  distances  from  the  sun  up  to  30°  or 
more.  A  brilliantly  colored  iridescent  cloud  of  considerable  area  is 
justly  regarded  as  one  of  the  most  beautiful  of  sky  phenomena, 
but  one  of  which  until  recently  there  was  no  satisfactory  ex- 
planation. Simpson,-^*'  however,  has  shown  that  the  colored 
fvatches  in  question,  presumably,  are  only  fragments  of  coronas 
formed  by  exceedingly  small   droplets   of   very  approximately 


Fig.  175. 
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uniform  size.  The  relation  between  the  radius  of  droplet 
and  angular  distances  from  the  centre  to  the  first  and  second  red 
bands  is  shown  in  Fig.  175,  also  copied  from  the  paper  cited, 
from  which  it  appears  that  coronas  of  the  requisite  size  may 
occur,  and,  therefore,  that  the  assumption  that  iridescent  clouds 
are  only  fragments  of  unusually  large  and  exceptionally  bril- 
liant coronas  presumably  is  correct. 

Bishop's  Ring. — After  the  eruption  of  Krakatoa  in  1883,  of 

-/.  c. 


656  W.  J.   Humphreys.  fJFl- 

Mont  Pele  in  1902,  and  of  Katmai  in  1912,  a  faint  reddish- 
brown  corona  was  often  'seen,  under  favorable  circumstances, 
around  the  sun.  This  is  known  as  Bishop's  ring,  after  Mr. 
Bishop  of  Honoluki,  who  first  described  it. 

The  width  of  this  ring,  as  seen  after  the  eruption  of  Kra- 
katoa,  was  about  10°,  and  the  distance  from  the  sun  to  its  outer 
edge,  that  is,  to  the  first  minimum,  22°  to  23°.  Substituting 
this  value  of  the  angular  radius  of  the  first  minimum  in  the  equa- 
tion, explained  above, 

sinO^in  +  0.22)   — 
2  a 

and  letting  A  =.000571  mm.,  it  appears  that  the  diameter  of  the 
dust  particles  assumed  either  spheres  or  circular  disks*  of  ap- 
proximately uniform  size,  that  produced  this  peculiar  corona 
as  given  by  the  equation, 

.000571mm. 

2  a    =   1.22  —. — ^^ 

sm  22    30' 

=  .00182  mm.  about. 

Glory  or  Brockcn-Bozv. — When  favorably  situated,  one  oc- 
casionally may  see  rings  of  colored  light  around  the  shadow  of 
his  own  head  as  cast  upon  a  neighboring  fog  bank  or  cloud. 
This  phenomenon,  to  which  several  names  have  been  given — 
glory,  Brocken-bow,  Brocken-spectre,  mountain-spectre — is  pro- 
duced by  the  diffraction  by  particles  comparatively  near  the  sur- 
face of  light  reflected  from  deeper  portions  of  the  fog  or  cloud. 

The  reflected  light  obviously  emerges  in  every  direction,  but 
the  nearer  one  looks  along  the  path  of  incidence  the  larger  the 
ratio  of  illuminated  to  non-illuminated  particles  in  his  line  of 
sight.  Indeed,  at  any  appreciable  angle  from  this  special  direc- 
tion a  considerable  proportion  of  the  droplets  in  one's  vision  evi- 
dently must  lie  in  the  shadows  of  others  nearer  the  surface. 
Hence,  not  only  will  the  shadow  of  one's  head  be  surrounded 
by  the  brightest  reflected  light,  like  the  "  hciligcnschein  "  one 
may  see  around  the  shadow  of  his  head  on  a  bedewed  lawn,  but 
it  will  also  be  the  centre  of  the  brightest  and  only  perceptible 
glory  or  rcfleclion  hal(\  and  that  for  the  simple  reason  that 
t,he  more  intense  the  initial  light  the  more  brilliant  its 
diffraction  effects. 
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Chapter  VII. 

PHENOMENA   DUE   TO   SCATTERING:    COLOR  OF  THE  SKY. 

The  color  of  the  cloudless  sky,  though  generally  blue,  may, 
according  to  circumstances,  be  anything  within  the  range  of  the 
entire  spectrum.  At  great  altitudes  the  zenithal  portions  are 
distinctly  violet,  but  at  moderate  elevations  often  a  clear  blue. 
^Vith  increase  of  the  angular  distance  from  the  vertical,  however, 
an  admixture  of  white  light  soon  becomes  perceptible  that  often 
merges  into  a  grayish  horizon.  Just  after  sunset  and  also  before 
sunrise  portions  of  the  sky  often  are  distinctly  green,  yellow, 
orange,  or  even  dark  red,  according  especially  to  location  and 
to  the  humidity  and  dust  content  of  the  atmosphere.  Hence, 
these  colors  and  the  general  appearance  of  the  sky  have  rightly 
been  used  immemorially  as  more  or  less  trustworthy  signs  of 
the  coming  weather. 

Many  attempts  have  been  made  to  account  for  the  blue  of 
the  sky  -'^^ — the  other  colors  being  comparatively  ignored.  Some 
have  held  that  it  is  just  the  nature  of  the  atmosphere,  or  of  par- 
ticles in  it,  to  reflect  the  blue  of  sunlight  and  to  transmit  the 
other  colors.  But  as  they  did  not  explain  how  the  atmosphere, 
or  these  particles,  happened  to  have  such  nature  the  mystery 
actually  remained  as  profound  as  ever.  Another  interesting 
hypothesis,  suggested  by  Leonardo  da  Vinci,  was  to  the  effect 
that  the  blue  is  the  resultant  of  a  mixture  of  more  or  less  white 
light,  reflected  by  the  atmosphere,  with  the  black  of  space.  But 
the  futility  of  this  idea  is  immediately  obvious  from  the  fact 
that  gray  alone  could  be  produced  by  any  such  mixture. 

The  first  logical  attempt  to  explain  (as  that  term  is  now 
understood)  why  the  sky  is  blue  was  made  by  Newton,^"^  who 
supposed  it  to  be  due  to  the  same  sort  of  interference  between  the 
rays  reflected  from  the  front  and  rear  surfaces  of  transparent 
objects  fin  this  case  minute  water  drops)  that  produce  the  colors 
of  soap  bubbles.  In  fact,  he  thought  that  the  "  blue  of  the  first 
order,"  the  blue  nearest  the  black  central  spot  of  the  "  Newton's 
rings,"  is  of  the  same  color  as  the  blue  of  the  sky,  and  that  they 
were  produced  in  the  same  way.  This  explanation,  though  er- 
roneous, and  based  only  on  analogy,  was  accepted  without  modi- 

*"  See  summary  and  bibliography  by  Dorsey,  Monthly  Weather  Reviezv  28, 
p.  382,  1900. 

■"  Optics,  book  ii. 
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fication  for  nearly  175  years.  At  about  the  end  of  this  period, 
however,  Clausius  ^^^  demonstrated  analytically  that  a  cloud  of 
droplets  of  the  small  size  assumed  by  Newton  would  cause  the 
stars  and  other  celestial  objects  to  appear  enormously  magnified. 
He,  therefore,  modified  Newton's  theory  by  assuming  that  the 
droplets  are  larger  but  vesicular  with  very  thin  walls.  In  this 
way  the  magnification  trouble  is  avoided,  but  the  theory  is  not 
improved.  First,  because  water  droplets  are  not  hollow;  and„ 
second,  because,  as  shown  by  Briicke,-^'*  the  color  of  the  sky 
differs  radically  from  the  blue  of  the  "  first  order." 

Although  the  above  appears  to  have  been  the  first  serious 
criticism  of  the  Newtonian  theory  of  sky  colors,  observational 
and  experimental  data  sufficient  to  render  it  untenable  had  long 
been  known.  This  consisted  of  (a)  Arago's^^^  discovery  in 
181 1  that  sky  light  is  partially  polarized  and  that  this  polariza- 
tion is  a  maximum  along  a  circle  about  90°  from  the  sun ;  and 
(b)  Brewster's  ^'^'^  discovery,  shortly  thereafter,  that  polariza- 
tion by  reflection  is  a  maximum  when  the  tangent  of  the  angle 
of  incidence  is  equal  to  the  refractive  index  of  the  reflector 
divided  by  that  of  the  adjacent  medium. 

If,  then,  sky  light  is  the  result  of  simple  reflection,  the  angle 
of  polarization  (angle  of  incidence  corresponding  to  maximum 
polarization)  of  the  reflecting  medium  must  be  45° — since  the 
arc  of  maximum  polarization  is  90°  from  the  sun.  But  the 
angle  of  polarization  of  water  in  air  is  about  74°.  Hence,  the 
color  of  the  sky  cannot  be  due  to  reflection  from  water  droplets, 
as  Newton  and  many  others  assumed. 

The  real  origin  of  the  blue  of  the  sky,  scattering  of  light  by 
particles  far  too  small  to  reflect  specularly,  appears  to  have  been 
first  indicated  by  Briicke's  ^^"^  experiments,  which  showed  (a) 
that  a  transparent  medium,  rendered  turbulent  by  sufficiently 
small  particles,  appears  blue  when  illuminated  Avith  white  light ; 
and  (h)  that  objects  may  be  seen  through  such  medium  clearly 
and  distinctly.  A  few  years  later,  Tyndall  -"^  made  a  large  num- 
ber of  experiments  on  the  action  of  chemically  formed  "  clouds  " 

^""CrcU's  Jr.,  34,  p.  122,  1847;  P-  1^5.  '848;  Pogg.  Ann..  72,  p.  294,  1847. 

*'*Pogg.  Ann.,  88,  p.  3^3,   1853. 

*^  Oruvrr.<!,  7,  p.  394.  and  p.  430. 

*"  PhU.  Trans..  33,  p.  125,  1815. 
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on  incident  white  light,  and  found  that  not  only  did  they  scat- 
ter blue  light  when  their  particles  were  very  small,  but  also  that 
this  light  was  completely  polarized  at  right  angles  to  the  incident 
beam.  Here,  then,  was  the  experimental  solution  of  the  problem 
of  the  blue  of  the  sky  and  its  polarization.  About  two  years 
later.  Lord  Rayleigh  -"^  supplied  the  necessary  theory,  and  thus, 
at  last,  one  of  the  oldest  and  most  difificult  of  the  many  problems 
of  meteorological  optics  became  completely  solved.  In  a  later 
paper  Lord  Rayleigh  -^^  showed  that  in  the  absence  of  dust  of 
all  kinds  "  the  light  scattered  from  the  molecules  [of  air]  would 
suffice  to  give  us  a  blue  sky,  not  so  very  greatly  darker  than  that 
actually  enjoyed."  And  still  later,  King^^i  concluded  that  "  The 
analysis  of  the  present  paper  seems  to  support  the  view  that  at 
levels  alx)ut  Mount  Wilson  [1730  metres]  molecular  scattering 
is  sufficient  to  account  completely  both  for  attenuation  of  solar 
radiation  and  for  the  intensity  and  quality  of  sky  radiation." 
However,  whether  the  scattering  be  by  fine  dust  or  by  individual 
molecules  the  theory  is  the  same,  and,  as  developed  in  Ray- 
leigh's  first  paper,  substantially  as  follows : 

Let  a  beam  of  light  of  wave-length  A  be  incident,  say,  to  be 
definite,  from  the  zenith.  There  will  be  little  or  no  scattering 
from  that  portion  of  the  beam  in  free  ether,  as  is  obvious  from 
the  facts  (a)  that  extremely  distant  stars  are  still  visible,  and  (b) 
that  interstellar  spaces  are  nearly  black.  From  the  portion  in 
the  atmosphere,  how^ever,  there  is  abundant  lateral  scattering  by 
the  innumerable  particles  of  dust  and  molecules  of  air,  each  of 
which  is  optically  denser  than  the  ether  and  so  small  in  com- 
parison to  A.-^  that  the  applied  force  is  practically  constant 
throughout  its  volume.  Each  such  particle  merely  increases  local 
inertia  of  the  ether,  and,  thereby,  since  the  rigidity  is  not  affected, 
correspondingly  reduces  the  amplitude  of  a  passing  light  wave. 
If,  then,  a  force  should  be  applied  to  each  particle,  such  as  to 
counterbalance  the  increasing  inertia,  the  light  w^ould  pass  on 
exactly  as  in  empty  space  and,  therefore,  without  scattering. 
On  the  other  hand,  precisely  the  same  force,  but  reversed  in  di- 
rection, if  acting  alone  on  free  ether  would  produce  the  same 
effect  that  the  disturbing  particle  produces.     This  force  obvi- 

'^Phil.  Mag.,  41,  pp.  107,  274,  447,  1871 ;  12,  p.  81,  1881. 
""Phil.  Mag.,  ^7,  p.  375,  1899. 
*"  Phi!.  Trans.,  A..  212,  375,  1913. 
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ously  must  have  the  same  period  and  direction  as  the  undisturbed 
luminous  vibrations  and  be  proportional  to  the  difference  in 
optical  density  between  the  particle  and  the  ether. 

The  only  factors  that  conceivably  can  affect  the  ratio  of  the 
amplitude  of  scattered  to  incident  light  are :  direction,  or,  rather, 
angle  between  directions  of  force  and  point  of  observation; 
ratio  between  the  optical  densities  of  the  disturbing  particle  and 
the  ether;  volume  of  particle;  distance  from  particle;  wave- 
length; and  velocity  of  light.  Hence,  in  comparing  the  extents 
to  which  lights  of  different  colors  are  scattered,  the  first  two 
factors  may  be  neglected,  since  they  apply  in  equal  measure  to  all. 
Furthermore,  as  the  ratio  in  question,  like  all  ratios,  is  a  mere 
number  and,  therefore,  dimensionless,  the  last  factor  must  be 
omitted,  since  it  and  it  alone  involves  time.  There  remain,  then, 
only  the  volume  of  the  particle,  distance  from  it,  and  the  wave- 
length to  consider.  But  from  the  dynamics  of  the  problem  it 
appears  that  the  ratio  of  the  two  amplitudes  must  vary  directly 
as  the  volume  of  the  particle  and  inversely  as  the  distance  from 
it.     That  is, 

N  =  ^/  (». 

in  which  A''  is  some  number,  L  a  unit  of  length,  and  /(A)  that 
function  of  A  that  renders  the  equation  dimensionless.     Hence. 

/  (?)  =  ^-^ 

and,  therefore,  the  ratio  of  the  two  intensities  is  proportional  to 

A"*.     Obviously,  then,  light  from  a  serene  sky  should  belong 

essentially  to  the  blue  or  short  wave-length  end  of  the  spectrum. 

H,  as  commonly  expressed,  the  displacement  in  the  incident 

wave  is  A  cos  {-^ — ),in  which  //  is  the  amplitude;  v  the  ve- 
locity of  light,  A  the  wave-length;  and  /  the  time  since  any  con- 
venient interval  when  the  displacement  was  A,  then  the  corre- 
sponding acceleration  is 

d'      .  2ir   V  t  4    /27r        \'-  27r     , 

_^cos    -^-    =    -   /I   (^-y    rj    cos-^-  ./. 

Hence,  the  force  that  would  have  to  be  applied  to  a  sufficiently 
minute  particle  in  order  that  the  wave  might  pass  over  it  un- 
disturbed is 


(D'   _   /,)  r  A  {^^)'  cos  ^  w. 
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in  which  D'  and  D  are  the  optical  densities  of  the  particle  and 
ether,  respectively;  and  T  the  volume  of  the  particle.  And  this, 
as  explained,  is  also  the  expression  for  the  force  which,  if  oper- 
ating alone  on  the  ether,  would  produce  the  same  light  effects  that 
actually  are  induced  by  the  particle  in  question. 

Xow  it  has  been  shown  by  Stokes,^^-  and  also  by  Lord  Ray- 
leigh,-^^  that  the  displacement  X  produced  by  the  force  F  cos 

2t  vt    .       . 

—Y~    i!>  given  by  the  expression, 

F  sina  2^ 

A     =   TTT   cos  -7-  [vt  -  r) 

j^TT  V-  D  r  / 

in  which  a  is  the  angle  between  the  direction  of  the  force  and 
the  radius  vector,  r,  that  connects  the  centre  of  the  force  wnth  the 
point  at  which  the  displacement  is  observed. 

On  substituting  for  the  force  F  cos        ^        its  value,  one 
finds  that 

D'   —   D  TT   T  27r 

X    =   A   =; — ^„  sina  cos  -^    {v  t   —   r) 

D         r   '-  /■ 

Hence,  the  intensity  of  the  light  scattered  by  a  single  par- 
ticle is 


,,  /D'  —  D\-  T^n 


J"2 

sin^a. 


and  for  a  cloud 


j2  ■  ^         D\    ^'sin^ 


i^") 


7^2       .  T2 

in  which  2  —    is  the  sum  of  the  values  of  —    for  all  the  par- 
ticles in  the  line  of  sight,  or 

„   {D'  -  Dy    7r2  sin^a      ^,   /  T\^ 
^-   \~-D-)    —TT-   ^  \-)m 

in  which  A^  is  the  total  number  of  particles  in  the  line  of  sight, 

and  f -j      the  mean  of  the  several  values  of  (  — )  • 

The  above  equations  are  based  on  the  assumption  that  the 
displacements  in  the  incident  wave  are  all  in  the  same  plane — 
that  the  incident  light  is  plane  polarized.  If,  however,  they  lie 
in  parallel  planes,  passing  through  the  axis  of  propagation,  that 
is.  if  the  incident  light  is  unpolarized.  we  may  resolve  each  dis- 

'^Canib.  Phil.  Trans.,  9,  p.  i,  1849;  Math,  and  Phys.  Papers  II,  pp.  243- 
328. 

"'Phil.  Mag.,  41,  p.  107,  1871. 
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placement,  always  normal  to  the  line  of  travel,  into  two  com- 
ponents at  right  angles  to  each  other  and  obtain  their  joint  effect 
in  any  given  direction.  Let  the  line  from  the  centre  of  the  force 
to  the  point  of  observation  make  the  angles  a.  (3,  and  y  with  these 
components  and  the  direction  of  travel,  respectively.  Then,  since 
sin^a+ sin-jS  =  I  +  cos^,  (see  Fig.  176),  the  intensity  of  the 
scattered  light  at  the  angle  y  from  the  direction  of  travel  of  a 
non-polarized  beam  is. 

According  to  this  equation,  the  maximum  amount  of  scattered 

Fig.  176. 

X 


Intensity  of  scattered  light  in  a  given  direction. 

light  is  along  the  path — forward  and  back — of  the  incident  beam, 
and  least  at  right  angles  to  it.  Also,  the  intensity  is  directly 
proportional  to  the  square  of  the  volume  of  the  disturbing  par- 
ticle, provided  it  is  sufficiently  small. 

The  effect  of  the  size  of  particle  on  scattering  as  it  ap- 
proaches A^  is  not  well  known.  However,  Lord  Rayleigh^^"* 
has  shown  that  the  intensity  of  the  light  scattered  by  relatively 
large  spherical  particles  varies  as  the  inverse  8th  power  of  the 
wave-length. 

Extinction  Coefficient. — The  intensity  or  brightness  of  solar 
or  other  radiation  is  decreased  wMth  increase  of  air  path  by  (a) 

^*Phil.  Mag..  12,  p.  81,  1881. 
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scattering,  {b)  selective  absorption,  (c)  diffraction,  ((/)  reflec- 
tion, and  (t')  refraction.  When  the  sky  is  clear,  however,  only 
(o)  is  particularly  eft'ective  in  the  visual  region,  but  here  it  is  quite 
effective,  since  each  disturbing  particle  evidently  scatters  energy 
from  incident  radiation  in  proportion  to  the  expression, 

t2  T'/D'   -  D\-    I       .     .,  ,    .      ,  8t3  T^  (D'   -  D\- 

— r-^Tl  ;; )     I       sin  -a2~  r'  smaao  =    r-—    I  =r I  • 

r-  /.<  V       D       )   j ^^  3  /"     \       Z)       / 

Let  E  be  the  energy  delivered  per  unit  cross-section  of  the 
incident  beam  in  any  interval  of  time,  and  let  n  be  the  number 
of  disturbing  particles  (all  alike)  per  unit  volume.  Then  the 
energy  gain  (negative)  during  the  same  time  per  unit  cross-sec- 
tion, and  penetration,  dx,  is  given  by  the  equation, 

If.  then.  £0  is  the  energy  in  the  beam  before  any  scattering 
took  place,  and  E  the  energy  remaining  after  penetrating  the 
distance  x  into  the  turbulent  medium  in  question, 

in  which  the  extinction  coefificient 

But  D  =  fi^  (from  the  equations,  v  =  ^gjasticity  ^  i^  density 

of  ether  -  i,  fj^  for  either  -  i),  ix  =  refractive  index.  Also,  in  the 
case  of  scattering  by  air  molecules,  or  by  any  small  particles  in  a 
medium  whose  refractive  idex  is  i, 

„  /D'    -   D\  „„ 

in  which  D"  =  average  optical  density  of  the  turbulent  space.  If 
fi  is  the  refractive  index  of  the  medium,  air,  say, 

n  T  ( — ^ — j   =  Ai'  -   I   =    ^M  +  I)  (m  -   r)    =  2  (m  -   I),  nearly, 

since  /j.  differs  but  little  from  unity. 
Hence,  substituting, 

£    =   - — -^  {/J.  —   1)-,  approximately. 

Clearly,  then,  the  intensity  of  atmospheric  and  dust  haze 
rapidly  decreases  with  increase  of  wave-length,  a  fact  that  jus- 
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tifies  the  use,  on  aeroplanes,  for  instance,  of  "  haze  cutters  " 
(filters  that  transmit  only  the  longer  waves)  for  both  visual  and 
photographic  work.  A  fog  haze,  however,  cannot  be  much  cut. 
This  is  because  the  extinction  it  produces,  being  due,  owing  to 
the  relatively  large  size  of  the  fog  droplets,  chiefly  to  diffraction 
and  reflection,  is  nearly  equally  effective  for  all  colors. 

The  scattering  of  light  by  the  molecules  of  the  atmosphere 
and  the  suspended  fine  dust  particles  decrease  the  intensity  of 
both  the  direct  insolation  and  the  scattered  radiation,  but  at  the 
same  time  gives  to  all  portions  of  the  sky,  other  than  that  occu- 
pied by  the  sun,  a  luminosity  that  otherwise  would  not  exist — 
without  scattering  there  would  be  no  sky  light  at  all.  The  residual 
sunlight  and  the  total  sky  light  vary  greatly  with  time  of  day, 
latitude,  altitude,  season,  weather,  and  dustiness  of  the  atmos- 
phere. Kimball,-^  ^  for  instance,  finds  "  that  photometric  meas- 
urements made  at  Mount  Weather,  Va.  [Lat.  39°  4'  N.,  Long. 
yy^  54'  W.,  altitude  526  m.],  show  that  with  a  clear  sky  the  total 
mid-day  illumination  on  a  horizontal  surface  varied  from  10,000 
foot-candles  in  June  to  3600  foot-candles  in  January'.  It  is  less 
than  the  direct  solar  illumination  on  a  normal  surface  from 
September  to  February,  inclusive,  but  exceeds  the  latter  from 
May  to  August,  inclusive,  for  a  period  of  from  four  to  eight 
hours  in  the  middle  of  the  day. 

"  The  illumination  on  a  horizontal  surface  from  a  completely 
overcast  sky  may  be  half  as  great  as  the  total  illumination  with 
a  clear  sky,  and  is  frequently  one-third  as  great.  On  the  other 
hand,  during  severe  thunderstorms  at  noon  in  midsummer,  the 
illumination  may  be  reduced  to  less  than  i  per  cent,  of  the  il- 
lumination with  a  clear  sky. 

"  The  ratio  of  sky-light  illumination  to  total  illumination  on  a 
horizontal  surface  at  noon  in  midsummer  varies  from  one-third 
to  one-tenth.     In  midwinter  it  varies  from  one-half  to  one-fifth. 

"  When  the  sky  is  clear,  the  twilight  illumination  on  a  horizon- 
tal surface  falls  to  i  foot-candle  about  half  an  hour  after  sunset, 
or  when  the  sun  is  about  6°  below  the  horizon." 

Prevailing  Color. — If  /„  is  the  initial  intensity  and  /,  the 
remaining  intensity  after  penetrating  the  uniformly  turbulent 
medium,  the  di.stance  x,  then, 

il 
/■   =  /o  £~  * 

""^Monthly  JVeathcr  Rcznc7V,  42,  p.  650,  1914. 
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where 

This  residual  Hght,  in  turn,  is  scattered,  and  if  1 2  is  the  in- 
tensity of  the  hght  scattered  by  a  single  particle  at  the  angle  a 
from  the  direction  of  displacement 

T    -  I  ^' 
where 


and 


__   kx 

h  -  h  y,  e 


Hence,  the  ratio  of  intensity  received  to  initial  intensity,  or 
/g/Zo,  is  small  both  for  very  long  and  very  short  wave-lengths. 
Its  maximum  value  occurs  at  A^,,,  =  kx,  where 

(f:)  =  (f:X(V")';-(->'' 

or,  if  /o  is  uniform  throughout  the  spectrum, 

According  to  Abbot,  Fowle,  and  Aldrich,^^^  the  mean  energy 
intensities  of  /o,  in  arbitrary  units,  are: 

X  =  0.39    0.42    0.43    0.4s    0.47    0.50    0.55    0.60    0.70 
I,  =  3614    5251    5321    6027    6240    6062    5623    5042    3644 

The  luminous  intensities  would  show  greater  contrasts,  since 
the  eye  is  more  sensitive  to  the  mid-region  of  the  visible  spectrum 
than  to  either  end. 

From  these  values  of  I^^,  and  the  equation  for  the  intensity  of 
l^,  it  can  l)e  shown  that  the  prevailing  color  of  the  clear  sky, 
except  when  the  sun  is  on  or  l)elow  the  horizon,  is  neither  violet 
nor  red,  but  some  intermediate  color,  generally  blue,  as  we  know 
by  observation. 

Tzcilight  Colors. — As  the  sun  sinks  to  and  below  the  horizon 
during  clear  weather,  a  numljer  of  color  changes  occur  over  large 
portions  of  the  sky,  especially  the  eastern  and  western.  The 
phenomena  that  actually  occur  vary  greatly,  but  the  following 

"*  Annals  Astrophys.  Obsy.,  Smithsonian  Institution,  3,  p.  197,  1913. 

Vol.  188,  No.  1127—48 
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may    be    regarded    as    typical,    especially    for    arid    and    semi- 
arid  regions: 

(a)  A  whitish,  yellowish,  or  even  bronze  glow  of  5°  or  6° 
radius  that  concentrically  encircles  the  sun  as  it  approaches  the 
horizon,  and  whose  upper  segment  remains  visible  for  perhaps 
20  minutes  after  sundown. 

The  chief  contributing  factors  to  this  glow  appear  to  be  ( i ) 
scattering,  which  is  a  maximum  in  the  direction,  forward  and 
back,  of  the  initial  radiation,  and  (2)  diffraction  by  the  dust 
particles  of  the  lower  atmosphere.  In  both  cases  blue  and  violet 
are  practically  excluded,  owing  to  the  very  long  air  paths. 

(b)  A  grayish  blue  circle  that  rises  above  the  eastern  horizon 
as  the  sun  sinks  below  the  western.  This  is  merely  the  shadow 
of  the  earth. 

(c)  A  purplish  arch  that  rests  on  the  earth  shadow  and 
gradually  merges  into  the  blue  of  the  sky  at  a  distance  of  per- 
haps 10°,  and  also  fades  away  as  the  arch  rises. 

Obviously,  any  direct  sunlight  in  the  lower  dusty  atmosphere 
to  the  east  must  have  penetrated  long  distances  through  the 
denser  air,  and  thus  have  become  prevailing  red,  while  that  reach- 
ing the  higher  atmosphere  is  still  rich  in  blue  and  violet.  Hence, 
the  observer  sees  red  light  scattered  from  the  first  of  these  layers 
and  blue  to  violet  from  the  other,  and  thereby  gets  the  efTect  of 
the  superposition  of  the  opposite  ends  of  the  visible  spectrum, 
that  is,  purple.  The  effect  is  most  pronounced  when  the  luminous 
layers  are  seen  more  or  less  "  end  on."  Hence,  the  light  is  bright- 
est at  the  torder  of  the  earth  shadow.  The  fact  that  the  red 
component  of  the  purple  is  from  the  lower  atmosphere  and  the 
others  from  the  higher  is  evident  from  the  bluish  crepuscular 
rays  that  often  radiate,  apparently,  from  the  antisolar  point — 
shadow  streaks  cast  through  the  lower  dust-laden  air  by  western 
clouds  or  mountain  peaks,  often  below  the  horizon. 

(d)  A  bright  segment  only  a  few  degrees  deep  but  many  in 
extent  that  rests  on  the  western  horizon  just  after  sundown.  The 
lowest  portion  often  is  red  and  the  upper  yellowish.  A  product 
essentially  of  scattered  light  by  the  lower  and  dustier  portions 
of  the  atmosphere,  where  the  light  before  being  scattered  is  al- 
ready reduced  essentially  to  the  colors  seen. 

(e)  A  purple  glow  covering  much  of  the  western  sky,  reach- 
ing its!  maximum  intensity  when  the  sun  is  about  4°  below  the 
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horizon  and  disappearing  when  it  is  about  6°  below.  The  ex- 
planation of  tliis  purple  glow  in  the  western  sky  presumably  is 
the  same  as  that  in  the  eastern  sky  as  given  above  under  (c).  The 
crepuscular  rays  of  this  region,  apparently  radiating  from  the 
sun,  often  are  greenish-blue. 

(f)  A  faint  purple  glow  covering  the  entire  sky  when  the 
sun  is  6°  or  more  below  the  horizon,  and  gradually  disappearing 
in  the  west  when  the  sun  is  16°  to  18°  below  the  horizon.  This 
appears  to  be  due  to  secondary  scattering  of  light  from  the  il- 
luminated atmosphere  far  to  the  west. 

Duration   of  Astronomical  Twilight.     (Interval  Between   Times   When  the    Upper 
Edge  of  the  Sun  is  on  and  the  True  Position  of  Its  Centre  18°  Below  the  Horizon.) 
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I  28 

I  30 

I  33 

I  36 

I  40 

I  43 

I  47 

I  53 

I  13 

13 

17 

I  20 

24 

I  26 

I  28 

I  30 

I  32 

I  35 

I  38 

I  42 

I  46 

I  49 

I  SS 

December 

I  14 

14 

18 

I  21 

25 

I  27 

I  29 

I  31 

I  33 

I  36 

I  40 

I  44 

I  47 

I  52 

I  57 

I  14 

IS 

18 

I  22 

26 

I   28 

I  30 

I  32 

I  34 

I  37 

I  41 

I  45 

I  49 

I  53 

I  59 

21 

I  IS 

16 

19 

I  22 

26 

I  28 

I  30 

I  32 

I  35 

I  38 

I  41 

I  45 

I  49 

I  54 

I  59 
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Duration  of  Civil  Twilight.     {Interval  Between  Times  When  the  Upper  Edge  of  the 
Sun  is  on  and  the  True  Position  of  Its  Centre  6°  Below  the  Horizon.) 


North  latitude 

Date 

0° 

10° 

2  0° 

25° 

30° 

32°  34° 

36° 

38° 

m. 

40° 
m. 

42"^ 

m. 

44° 
m. 

46° 
m. 

48° 
m. 

50° 

m. 

m. 

m. 

m. 

m. 

m. 

m. 

m. 

m. 

January 

22 

22 

24 

25 

27 

27 

27 

28 

29 

30 

32 

33 

34 

36 

39 

II 

22 

22 

24 

25 

26 

27 

28 

28 

29 

30 

31 

32 

33 

35 

38 

21 

22 

22 

23 

24 

26 

26 

27 

27 

28 

29 

30 

32 

33 

34 

37 

February 

22 

22 

23 

24 

25 

26 

27 

27 

27 

28 

29 

31 

32 

34 

35 

II 

22 

22 

22 

23 

25 

26 

26 

27 

27 

28 

29 

31 

32 

34 

35 

21 

21 

22 

22 

23 

24 

25 

25 

26 

27 

28 

28 

29 

30 

32 

33 

March 

21 

22 

22 

23 

24 

24 

25 

26 

27 

28 

28 

29 

30 

31 

33 

II 

21 

21 

22 

23 

24 

24 

25 

26 

26 

27 

27 

28 

30 

31 

33 

21 

21 

21 

22 

23 

24 

24 

25 

26 

26 

27 

27 

28 

30 

31 

33 

April 

21 

21 

22 

23 

24 

25 

25 

26 

27 

28 

28 

29 

30 

32 

33 

II 

21 

22 

22 

23 

24 

25 

26 

26 

27 

28 

28 

29 

31 

32 

34 

21 

22 

22 

22 

23 

25 

25 

26 

27 

28 

28 

29 

30 

32 

34 

35 

May 

22 

22 

23 

24 

25 

26 

27 

28 

28 

29 

30 

32 

33 

35 

36 

II 

22 

22 

23 

24 

26 

27 

28 

29 

29 

30 

31 

33 

35 

36 

39 

21 

22 

22 

24 

25 

27 

28 

28 

29 

30 

31 

33 

35 

36 

38 

41 

June 

22 

22 

24 

25 

27 

28 

28 

29 

31 

32 

34 

36 

37 

40 

43 

II 

22 

23 

24 

26 

28 

28 

29 

30 

31 

33 

34 

36 

38 

41 

44 

21 

22 

23 

25 

26 

28 

29 

29 

30 

31 

33 

34 

36 

38 

42 

44 

July 

22 

23 

24 

26 

28 

28 

29 

30 

31 

33 

34 

36 

38 

41 

44 

II 

22 

22 

24 

25 

27 

28 

28 

29 

31 

32 

34 

36 

37 

40 

43 

21 

22 

22 

24 

25 

27 

28 

28 

29 

30 

31 

33 

35 

36 

38 

41 

August 

22 

22 

23 

24 

26 

27 

28 

29 

29 

30 

31 

33 

35 

36 

39 

II 

22 

22 

23 

24 

25 

26 

27 

28 

28 

29 

30 

32 

33 

35 

36 

21 

22 

22 

22 

23 

25 

25 

26 

27 

28 

28 

29 

30 

32 

34 

35 

September 

21 

22 

22 

23 

24 

25 

26 

26 

27 

28 

28 

29 

31 

32 

34 

II 

21 

21 

22 

23 

24 

25 

25 

26 

27 

28 

28 

29 

30 

31 

33 

21 

21 

21 

22 

23 

24 

24 

25 

26 

27 

27 

27 

28 

30 

31 

33 

October 

21 

21 

22 

23 

24 

24 

25 

26 

26 

27 

27 

29 

30 

31 

32 

II 

21 

22 

22 

23 

24 

24 

25 

26 

27 

28 

28 

29 

30 

31 

33 

21 

21 

22 

22 

23 

24 

25 

25 

26 

27 

28 

28 

29 

30 

32 

33 

November 

22 

22 

22 

23 

25 

25 

26 

27 

28 

28 

29 

30 

31 

33 

34 

II 

22 

22 

23 

24 

25 

26 

27 

28 

28 

29 

30 

31 

32 

33 

35 

21 

22 

22 

23 

24 

26 

26 

27 

28 

28 

29 

30 

32 

33 

34 

37 

December 

22 

22 

24 

25 

26 

27 

28 

28 

29 

30 

31 

33 

34 

35 

38 

II 

22 

22 

24 

25 

27 

27 

28 

28 

29 

30 

32 

33 

34 

36 

39 

21 

22 

23 

24 

25 

27 

27 

28 

28 

29 

31 

32 

33 

34 

37 

39 

Nov..  igiQ.] 


Optics  of  the  Air. 


669 


Relative  Illumination  Intensities. 


Source  of  illumination 

Intensity 

Ratio  to   zeni- 
thal full  moon 

Zenithal  sun.                                      

Foot-candles 
9,600.0 

33-0 
30.0 
15.0 

74 

3-1 

I.I 

0.40 

0.10 

0.04 

0.02 

0.02 

0.015 

0.008 

0.00008 

465,000.0 

Twilight  at  sunset  or  sunrise 

1,598.0 

Twilight  centre  of  sun  1°  below  horizon 

1453-0 

Twilight  centre  of  sun  2°  below  horizon 

727.0 

Twilight  centre  of  sun  3°  below  horizon 

358-0 

Twilight  centre  of  sun  4°  below  horizon 

Twilight  centre  of  sun  5°  below  horizon 

150.0 
53-0 

Twilight  centre  of  sun  6°  below  horizon 

19.0 

(End  of  civil) 
Twilight  centre  of  sun  7°  below  horizon 

5.0 

Twilight  centre  of  sun  8°  below  horizon 

2.0 

Twilight  centre  of  san  8°4o'  below  horizon 

I.O 

Zenithal  full  moon .  .                       

I.O 

Twilight  centre  of  sun  9°  below  horizon 

0.75 

Twilight  centre  of  sun  10°  below  horizon                   .  .  . 

0.40  • 

Starlight 

0.004 

The  foregoing  descriptions,  which,  of  course,  apply  equally  to 
dawn,  are  by  no  means  universally  applicable.  Indeed,  the  sky 
very  commonly  is  greenish  instead  of  purple,  probably  when  the 
atmosphere  is  but  moderately  dust-laden.  Furthermore,  the 
explanations  are  only  qualitative.  A  rigid  analysis,  even  if  the 
distribution  of  the  atmosphere  and  its  dust  and  moisture  content 
were  known — which  they  are  not,  nor  are  they  constant — would 
be  at  least  difficult  and  tedious. 

Duration  of  Twilight. — The  duration  of  twilight,  whether 
civil,  that  is.  the  time  after  sunset  or  before  sunrise  during  which 
there  is  sufficient  light  for  outdoor  occupations,  or  astronomical, 
the  time  until  or  after  complete  darkness,  varies  with  the  amount 
of  cloudiness  and  inclination  of  the  ecliptic  to  the  horizon.  In 
the  case  of  clear  skies,  civil  twilight  ends,  or  begins,  when  the 
true  position  of  the  sun  (centre)  is  about  6°  below  the  horizon, 
and  astronomical  twilight  when  it  is  about  18°  below. 

The  tables  of  twilight  duration  (pages  667  and  668)  were 
computed  by  Kimball  -''  from  the  equation, 


h    = 


sin  a  —  sin  0  sin  f^ 


cos  (/)  cos  <^ 

in  which  h  is  the  sun's  hour  angle  from  the  meridian,  a  the  sun's 
altitude  (negative  below  the  horizon),  8  the  solar  declination, 
and  <t>  the  latitude. 

^''Monthly  Weather  Reviezv.  44,  p.  614,  1916. 
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Twilight  Illumination. — The  brightness  of  twilight  changes 
slowly  or  rapidly,  according  as  the  sun  is  less  or  more,  respec- 
tively, than  about  4°  below  the  horizon.  The  following  table, 
based  on  photometric  measurements  by  Kimball  and  Thiessen,^!^ 
gives  the  approximate  value  of  a  number  of  clear-sky,  twilight 
and  other  natural  illumination  intensities  on  a  fully  exposed 
horizontal  surface. 

Chapter  VIII. 

PHENOMENA    DUE    TO    SCATTERING:    SKY    POLARIZATION 

The  polarization  of  sky  light,  discovered  in  1811  by  Arago,^^* 
often  is  more  or  less  modified  by  specular  reflection  from  rela- 
tively large  particles — cloud  droplets,  coarse  di!fst,  etc. — but  in 
general  it  results  from  the  combination  of  primarily  and  second- 
arily scattered  radiation. 

Condition  of  Primarily  Scattered  Light. — As  explained  by 
Lord  Rayleigh,^^^  the  light  scattered  from  an  incident  beam  by 
a  gas  molecule  or  other  sufficiently  small  object  is  symmetrically 
distributed  about  the  line  of  enforced  motion  of  that  particle  as 
an  axis,  and  completely  polarized  in  the  plane  at  right  angles  to 
this  line.  This  follows  directly  from  the  fact  that  plane  polar- 
ized light  is  merely  light  whose  vibrations  are  all  normal  to  the 
same  plane — the  plane  of  polarization.  If,  then,  the  incident 
beam  is  non-polarized,  ordinary  sunlight,  for  instance,  the  scat- 
tered light,  therefore,  will  be  completely  polarized  at  right  angles 
to  the  direction  of  incidence,  and  partially  polarized  in  other 
directions.  And.  since  the  plane  of  polarization  is  fixed  by  the 
sun,  observer,  and  point  observed,  .it  follows  from  Fig.  176  that 
the  ratio 

polarized  light    _         sin^  y 
total  light  I    -|-  cos^  y 

where  7  =  the  angular  distance  of  the  point  observed  from  the 
sun.  That  is,  the  polarization  increases  from  zero  in  the  direc- 
tion both  of  the  sun  and  the  antisolar  point  to  a  maximum  (com- 
plete) midway  between  them,  or  normal  to  the  incident  rays. 

Condition  of  Secondarily  Scattered  Light. — While  primary 
scattering  of  ordinary  light  by  gas  molecules  and  fine  dust  par- 

"'  hfonthly  Weather  Review.  44,  p.  r)i4,  1916. 
*"  Astronomic  Poptdaire,  2,  p.  09- 
""Phil.  Mag.,Al,  p.  107,  1871. 
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tides  accounts  for  a  large  part  of  the  observed  polarization  and 
other  phenomena  of  sky  light,  the  non-polarized  light  that  always 
exists  in  a  greater  or  less  amount  at  90°  from  the  sun ;  the 
luminosity — partially  polarized — of  shaded  air  masses;  and  the 
existence  of  neutral  points  (small  regions  whose  light  is  not 
polarized)  are  all  due,  as  Soret--^  has  shown,  to  secondary  scat- 
tering. Tertiary  and  indefinitely  higher  scattering  obviously 
also  exist,  but  their  effects  are  too  small  to  justify  consideration. 
To  determine  the  nature  and  magnitude  of  secondary  scat- 
tering, let  O  (Fig.  177)  be  the  position  of  a  particle  shielded  from 
direct  insolation  but  otherwise  exposed,  and  consider  its  effect 
on  the  total  incoming  skv  light.     Let  the  sun  be  on  the  horizon ; 


Intensity  of  secondarily  scattered  light. 


let  OX  be  parallel  to  the  solar  radiation,  OZ  vertical,  and  OY 
normal  to  the  plane  ZX;  let  m  be  any  particle  a  unit  distance 
from  0;  and  let  Oni  make  the  angle  (f>  with  the  vertical,  and  its 
projection  on  the  plane  XY  the  angle  6  with  OX. 

As  the  solar  rays  are  non-polarized  they  may  be  treated  as 
consisting  of  two  parts  of  equal  amplitude,  /,  say,  polarized  at 
right  angles  to  each  other.  For  convenience,  let  the  displace- 
ments be  parallel  to  OZ  and  OY,  corresponding  to  polarization 
in  the  horizontal  and  vertical  planes,  respectively. 

On  resolving  the  vertical  amplitude  into  two  components,  one 
normal,  the  other  parallel,  to  Oni  and  the  former  (which  alone  is 

^  Archives  de  Sci.  Phys.  et  Nat.,  20,  p.  429,  1888. 
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operative  on  the  particle  at  O)  in  turn  into  components  parallel 
to  the  X,  Y,  and  Z  axes,  respectively,  one  finds  that, 

I'.v  =  —  I  sin<^  cos't'  cosfl 
/' )'  =  —  /  sin(^  cos<<>  sinfl 

Similarly,  on  resolving  the  horizontal  amplitude  into  com- 
ponents normal  and  parallel  to  the  plane  OZm,  and  these  in  turn 
parallel  to  the  three  axes,  one  obtains, 


I" A-    =  I  cos'<i>  sin9  CO&9  —  I  sin5  cop6 
/")'   =  /  cos^0  sin'fl  +  /  cos^  8 
I" z    =   —  /  sin<#>  cos6  sinO 


=   —  I  sin"<<>  sinS  cosQ 


As  a  crude  first  approximation  let  the  distribution  of  the 
atmosphere  about  0  be  equal  in  all  upward  directions  and  assume 
all  parts  to  be  equally  illuminated.  Further,  let  a  per  unit  area 
be  the  number  of  particles  that,  if  distributed  over  the  hemi- 
spherical shell,  would  produce  at  O  the  same  optical  effect  that 
actually  obtains.  Then,  the  total  intensity  components  at  O 
(found  by  squaring  the  amplitudes  and  integrating  over  the 
hemisphere)  are  given  by  the  equations, 


7,r  =   2  a  /^    /  /       (sin''^  cos''*  cos-0  +  sin-'cS  sin'-6  cos'S)  sin*  d<i>  dd 

'o       Jo 


Iy    =  2al 


(sin^</>  cos  ^0  sin-O  +  cos^o  siir'fl  -f-  2  cos'ip  sin'^O  cos'^s  +  cos^^) 


(sinV  +  sin"*  cos'^*  sin^fl)  sin*  </*  dd 


IX  =  27T  a  I-  X  2/15 
lY  =  27raP  X  3/5 
IZ    =  2n  aP  X  3/5 

The  intensity  components  of  secondary  diffusion  at  the  centre 
of  a  sphere  of  uniformly  distributed  particles  would  be  just 
twice  the  alx)ve,  which,  as  stated,  ap])lies  to  the  centre  of 
a  hemisphere. 

Since  there  is  an  appreciable  amplitude  along  all  three  of 
the  rectangular  axes,  it  follows  that  secondary  scattering  sends 


Ix 

= 

2 

~a 

r- 

lY 

= 

2 

-a 

p 

Iz 

= 

2- 

'a 

- 
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more  or  less  non-polarized  light  in  all  directions,  and,  therefore, 
prevents  sky  light  from  being  completely  polarized  even  at  right 
angles  to  the  direction  of  insolation — the  direction  of  complete 
polarization  by  primary  scattering. 

The  above  assumption  that  the  light-scattering  particles  are 
distributed  equally  along  any  upward  radius  from  0  obviously 
is  not  in  close  agreement  with  the  actual  distribution  of  the  at- 
mosphere and  its  dust  content  as  visible  from  any  given  point  in 
it.  Let  this  distribution  he  a(n+  i)  -  a  n  cos  <^  particles  per  unit 
area  of  the  hemisphere  instead  of  a,  as  previously  assumed. 
Then, 

2/15  (n  +  i)  -  1/16  n 
3/5  (n  +  i)  -  17/48  n 
3/5  (n  +    I)    -  5/24  n 

If  n  -  12,  that  is,  if  the  horizon  is  13  times  brighter  than  the 
zenith — a  common  condition, 

Ix  =  2-^  a  i'^  X  0.983 
Iy   =  27T  al"^  X  3-55 
Iz    =  2tt  a  /'^  X  5-3 

This  distribution  of  intensities  still  gives  non-polarized  light 
in  all  directions.  It  also  gives  a  preponderant  amount  of  polar- 
ization, Iz,  in  the  horizontal  plane,  which  neutralizes  at 
certain  places  the  polarization  in  the  vertical  plane  due  to 
primary  scattering. 

The  combination,  then,  of  primarily  and  secondarily  scat- 
tered light  must  produce  a  variety  of  polarization  and  other  phe- 
nomena which  necessarily  vary  with  the  altitude  of  the  sun,  dust 
content  of  the  atmosphere,  and  state  of  the  weather.  Many  ob- 
servational studies  have  been  made  of  sky  polarization  and  the 
facts  found  to  agree  with  the  above  theoretical  considerations. 
The  principal  facts  are  : 

(i )  Part  of  the  light  from  nearly  all  points  in  a  clear  sky  is 
plane  polarized,  whatever  the  season,  location,  altitude  of  the 
sun.  or  other  conditions. 

(2)  The  polarized  portion  of  sky  light,  in  turn,  is  divisible 
into  two  parts :  (a)  the  positive,  due  to  the  first  or  primary  scat- 
tering, in  which  the  plane  of  polarization  (plane  normal  to  the 
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vibrations)  is  given  by  the  source  (sun),  point  of  observation, 
and  eye  of  the  observer;  and  (b)  the  negative,  due  to  secondary 
scattering,  in  which  the  plane  of  polarization  is  normal  to  that  of 
the  primary,  and,  therefore,  because  of  the  ring-like  distribution 
of  the  atmosphere  about  any  point  on  the  earth's  surface,  essen- 
tially horizontal. 

(3)  Generally  speaking,  the  percentage  of  polarized  light 
along  any  great  circle  connecting  the  sun  and  the  antisolar 
point  increases  from  zero  near  either  to  a  maximum  midway 
between  them,  which,  in  turn,  increases  with  the  altitude  of  the 
point  in  question. 

(4)  The  point  of  absolute  maximum  polarization  is  in  the 
solar  vertical  and  ordinarily  about  90°,  as  stated,  from  the  sun. 

(5)  In  general,  the  percentage  of  polarization  decreases  with 
the  amount  of  light  reflected  through  the  sky,  whether  from  the 
surface  or  from  relatively  large  particles  in  suspension.  It  there- 
fore decreases  with  (a)  percentage  of  snow  covering;  (b)  per- 
centage of  cloudiness;  (c)  dustiness,  or  anything  that  itself  leads 
to  an  increase  of  dustiness,  such  as  high  winds,  especially  over 
arid  regions,  but  everywhere  during  dry  weather,  strong  vertical 
convection — hence,  generally  less  during  summer  than  winter — 
volcanic  explosions  of  the  Krakatoa  type,  etc. 

(6)  The  percentage  of  polarization  generally  increases  with 
the  wave-length  of  the  light  examined. 

(7)  Even  shaded  masses  of  air,  if  exposed  to  sky  radiation, 
emit  perceptible  amounts  of  polarized  light. 

(8)  Three  small  regions  of  unpolarized  light,  Babinet's, 
Brewster's  and  Arago's  neutral  points,  occur  on  the  solar  ver- 
tical; the  first  some  15°  to  20°  above  the  sun,  the  second  about 
the  same  distance  below  it,  and  the  third  20°,  roughly,  above  the 
antisolar  point. 

(9)  As  the  sun  rises  above  or  sinks  below  the  horizon  the 
antisolar  distance  of  Arago's  point  increases  from  about  20°  to. 
roughly,  23°  ;  while  the  solar  distance  of  Babinet's  point  decreases 
from  a  maximum  of,  approximately,  20°  to,  perhaps,  18°,  for 
a  solar  depression  of  5°  or  6°,  and  to  0°,  as  does  also  Brewster's 
point,  as  the  zenith  is  approached. 

(to)  When  the  upper  atmosphere  is  greatly  turbid,  as  it  has 
often  been  after  violent  volcanic  explosions,  other  neutral  points, 
in  addition  to  those  above  mentioned,  arc  occasionally  observed. 

(To  he  Continued.) 


THE  HIDING  POWER  OF  WHITE  PIGMENTS  AND 

PAINTS.* 

BY 

A.  H.  PFUND.  Ph.D. 

Associate  Professor  of  Physics,  Johns  Hopkins  University. 

The  hiding  power  of  a  paint  may  be  defined  as  that  property 
of  a  paint  which  enables  it  to  obHterate  beyond  recognition  any 
background  upon  which  it  may  be  spread.  In  order  to  compare 
the  hiding  power  of  two  white  pigments,  the  ahnost  universal 
custom  is  to  rub  down  equal  masses  of  the  two  samples  with  the 
same  amount  of  linseed  oil  and  ultramarine  blue.  The  resultant 
pastes  are  spread  side  by  side  and  the  sample  which  has  the  paler 
tint  is  supposed  to  contain  the  pigment  of  greater  hiding  power. 
The  idea  is  that  the  particles  of  white  pigment  hide  the  dark 
particles  and  hence  give  a  light  tint  to  the  paste.  As  a  result  of 
the  experiments  to  be  described  presently,  it  appears  that  the 
criterion,  upon  which  the  above  tests  are  based,  is  incorrect. 

The  object  of  this  investigation  is  to  present  a  method  which 
will  yield  numerical  values  of  the  true  hiding  power  of  white  pig- 
ments and  paints.^  The  basic  idea  underlying  the  discussion  is 
this  :  granting  that  an  infinitely  thick  layer  of  a  paint  wnll  "  hide  " 
a  given  background  completely,  it  is  sought  to  find  the  thinnest 
layer  which  will  hide  the  background  as  effectively  as  does  the 
infinitely  thick  layer.  Obviously,  the  thinner  the  layer  of  paint 
required,  the  greater  is  the  hiding  power  of  the  paint.  For  white 
paints,  the  severest  test  met  with  in  practice  is  a  white  wall  with 
black  lettering.  It  is  desired  to  obliterate  the  lettering  by  cover- 
ing the  entire  surface  w^ith  successive  coats  of  paint.  These  con- 
ditions are  simulated  in  the  instrument  about  to  be  described. 

The  form  given  the  instrument  is  shown  in  Fig.  i.  Here,  A 
is  a  plate  of  glass  14  x  5  x  .6  cm.  whose  upper  surface  is  optically 
flat.  The  lower  surface  is  coated  with  black  baking-enamel,  which 
yields  the  desired  black  background.  A  transverse  groove,  B, 
about  2  mm.  deep  and  i  cm.  wide,  is  cut  in  the  upper  surface  and  a 
millimetre  scale  is  etched,  as  shown  in  the  drawing.  Resting  upon, 
plate  A  is  plate  C  (y  ^  3.5  x  .6  cm.),  whose  low^er  surface  is  like- 

*  Communicated  by  the  Author. 

'  First  presented  in  a  report  to  the  New  Jersey  Zinc  Co.,  Sept.  7,  1918. 
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wise  optically  flat.  A  strip  of  thin  steel,  D,  0.45  mm.  thick,  is 
attached  to  C,  so  that  a  wedge-shaped  layer  of  white  paint  may 
be  formed  between  the  plates.  This  wedge  terminates  abruptly  at 
the  "  infinitely  thick  "  layer,  B,  and,  so  long  as  the  hiding  is  not 
complete,  the  line  of  demarcation  is  visible.  By  sliding  the  wedge 
to  the  left  it  is  finally  impossible  to  see  the  edge.  From  a  knowl- 
edge of  the  angle  of  the  wedge  and  the  reading  on  the  scale,  it  is 
possible  to  calculate  the  thickness  of  this  critical  layer  lying  im- 
mediately above  the  edge  B.  Now,  in  advancing  the  plate  C  until 
the  line  of  demarcation  can  no  longer  be  seen,  we  have  overdone 
it,  so  to  speak.  To  correct  this,  we  must  reverse  the  motion  of  the 
wedge  until  the  edge  can  just  be  distinguished  over  its  entire 
length.     The  mean  value  of  the  reading  corresponding,  respec- 


50  45  40  35  30  25  20  15  10  5 
I.„J....|.J..,.|,J„ 


tively,  to  disappearance  and  ai)pearance  of  the  <ii\g^,  yields  the 
desired  result.  Since  the  fading  away  and  reappearance  is  so 
gradual,  due  to  the  fact  that  the  least  perceptible  increment  of 
intensity  which  the  human  eye  can  detect  is  i  to  2  per  cent.  (Fech- 
ner's  Law),  it  is  clear  that  no  high  degree  of  precision  is  attain- 
able by  this  method.  By  taking  ten  pairs  of  readings  it  is  found 
that  the  average  deviation  from  the  mean  is  alK)Ut  3  to  4  {>er  cent. 
A  suitable  viewing  device  has  been  found  neces.sary  since  the 
reflection  of  the  observer's  face  in  the  plate  C  is  annoying.  An 
advantageous  arrangement  is  shown  in  Fig.  2.  where  strong  day- 
light illuminates  the  apparatus  from  the  observer's  right  (or  left). 
The  e.s.sentials  of  the  device  are,  a  blackened  board.  G,  al)out  30 
cm.  alx)ve  the  apparatus,  with  .suitable  openings  for  the  eyes,  /, 
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and  a  vertical  blackened  shield,  H.  The  entire  instrument  is  to  be 
called  "  Cryptometer."  -     '^K>>o-rw  conceal ;  nkzfwv  measure). 

It  it  should  ever  become  necessary  to  develop  the  instrument 
so  as  to  yield  results  of  high  precision  it  will  always  be  possible  to 
do  so.  The  two  methods  which  suggest  themselves  are:  (i)  if 
we  call  the  hiding  complete  when  the  brightness  of  the  variable 
layer  is  99  per  cent,  of  that  of  the  infinitely  thick  layer,  then,  by 
means  of  a  photo-electric  cell,  which  measures  the  light  from  the 

Fig.  2. 


two  layers  in  contact  at  the  edge  B  (Fig.  i),  it  will  be  possible  to 
locate  the  desired  point  very  accurately;  (2)  by  making,  prelim- 
inarily, a  study  of  the  variation  of  brightness  of  the  paint  with  in- 
creasing thickness,  a  formula  may  l>e  established  connecting  these 
two  quantities ;  then,  by  finding  a  position  of  the  wedge  where  the 
brightness  is,  .say,  one-half  that  of  the  infinitely  thick  layer,  it  is 
possible  to  calculate  the  thickness  yielding  99  per  cent,  of  the 
brightness  of  the  infinitely  thick  layer.  These  methods  have  not 
been  developed  for  the  reason  that  the  cryptometer  in  its  present 
form  is  not  only  sufficiently  accurate  for  most  purposes  but  is  ex- 
tremely simple  in  its  construction  and  operation. 

^  I  am  indebted  to  Mr.  H.  Green  for  suggesting  this  name. 
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A  sharp  distinction  must  be  made  between  the  hiding  power 
of  a  pigment  and  that  of  a  paint.  Not  only  are  these  quantities 
expressed  in  different  units,  but  they  are  not  necessarily  related  in 
the  sense  that  a  pigment  of  great  hiding  power  necessarily  pro- 
duces a  paint  of  correspondingly  great  hiding  power.  Taking  up 
first  the  hiding  power  of  pigments,  let  us  consider  an  intimate  mix- 
ture of  X  grs.  of  a  white  pigment  and  y  grs.  of  colorless  (or 
very  pale)  linseed  oil.  This  mixture  is  tested  in  the  cryptometer 
and  the  critical  thickness  producing  complete  hiding  is  found. 
Let 

f  =  thickness  of  critical  layer  (in  cms.). 
fc  =  numbers  of  grs.  of  pigment  in  a  disc  of  i  cm."  base  and  thickness  t. 

Then,  if  &  grs.  pigment  hide  i  sq.  cm.,  we  find  the  number  of  sq. 
cm.  A  covered  and  hidden  by  i  gr,  of  pigment  from  the  relation 

b  :  I  ::  I  :  A  or  -   =  A. 

b 

Since  the  hiding  power  is  better  the  thinner  the  layer,  i.e.,  smaller 
than  b,  we  may  define  the  hiding  power  of  a  pigment  as  the  recipro- 
cal of  the  number  of  grs.  of  pigment,  mixed  with  colorless  linseed 
oil  to  painting  consistency,  which  are  necessary  to  hide  a  black, 
non-absorbent  area  i  cm^.  This  is  numerically  equal  to  the  num- 
ber of  square  centimetres  covered  and  hidden  by  i  gr.  of  pigment. 
Hiding  powers  of  pigments  will,  therefore,  be  expressed  in  terms 
of  cm^.  per  gr.  Experiment  has  shown  that  the  hiding  power  of 
the  pigment  is  afifected  by  the  relative  amount  of  oil  present — the 
thinner  the  mixture,  the  greater  the  hiding  power.  This  means 
that  the  hiding  power  is  not  only  a  function  of  the  number  of  white 
I^articles,  but  also  of  their  separation.  In  order  to  reduce  all  mix- 
tures to  a  standard  condition,  the  terms  "  painting  consistency  " 
are  specified  in  the  above  definition.  Data  will  be  presented  later. 
Turning  next  to  the  hiding  powers  of  paints,  we  choose,  as 
a  measure,  the  number  of  sq.  ft.  which  one  gallon  of  ])aint  will 
cover  and  hide.  While  the  retention  of  the  metric  system  might, 
at  first  thought,  seem  advisable,  practice  dictates  the  selection  of 
the  English  system  of  units.  The  actual  measurements  and  cal- 
culations arc  very  simple.  The  ])aint  is  measured  uj)  in  the  cryp- 
tometer and,  from  a  knowUuhfc  of  the  critical  thickness,  the 
number  of  square  feet  per  gallon  is  calculated  at  once.  As  a  mat- 
ter of  fact,  crvptomctcrs  are  now  made  so  that  one  may  read  the 
result  directlv  off  n  scparnto  '=calc  etched  on  the  Iowim-  plate. 
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The  results  obtained  for  characteristic  pigments  and  paints 


are  summarized  in  the  following  table : 


Pigment. 


1.  Sublimed  white  lead 

2.  Basic  carbonate  white  lead 

3.  Lithopone 

4.  Titanox 

5.  Zinc  oxide  (leaded) 

6.  Zinc  oxide  (.pure) 

7.  Zinc  oxide  plus  trace  of  lamp  black. 


grs.  pigment 
grs.  oil. 


7-3 

7:3 
4:3 
3:4 

l:i 

3:4 
3:4 


Hiding-power 
pigment. 


gr. 
26 
36 
51 
58 

59 

57 

190 


Hiding-power 
paint. 


sq.  ft. 
gal. 
172 

243 
190 
132 
194 
145 


I 


Concerning  the  pigments  themselves,  the  results  obtained  speak 
for  themselves.  The  theory  of  hiding  power  as  dependent  on 
panicle  size,  wave-length  of  light,  character  of  vehicle,  etc.,  will 
be  taken  up  in  a  separate  paper.  The  one  point,  however,  to  which 
attention  must  be  called,  is  that  involving  a  comparison  of  pig- 
ments 6  and  7.  The  only  difference  between  these  two  pigments 
is  that  6  is  white  while  7  is  pearl  gray.  If  these  same  pigments 
are  compared  by  rubbing  them  down  with  oil  and  ultramarine 
blue,  the  gray  sample  will  show  the  darker  tint ;  hence  it  will  be 
considered  as  having  a  smaller  hiding  power  than  the  white 
sample.  As  a  matter  of  fact,  the  hiding  power  of  the  gray  sample 
is  more  than  three  times  as  great  as  that  of  the  white.  In  a  paper 
describing  a  new  colorimeter,^  it  will  be  shown  that  all  paints  are 
more  or  less  gray.  It  is,  therefore,  clear  that,  since  the  rub- 
down  test  yields  results  which  are  violently  at  variance  with 
those  obtained  with  the  cryptometer,  the  former  method  must 
be  discarded. 

The  results  on  paints  are  interesting.  While  the  hiding  powers 
of  zinc  pigments  are  larger  than  those  of  the  white  leads,  the 
reverse  is  true  of  the  paints.  (Compare  samples  2  and  6.)  The 
reason  is  obvious  when  the  "  oil  absorption  "  of  the  pigments  is 
considered.  One  pound  of  zinc  oxide  mixed  with  one  pound  of 
linseed  oil  yields  a  mixture  of  proper  painting  consistency,  while 
a  similar  mixture  of  white  lead  in  oil  is  entirely  too  "  runny  "  for 
painting  purposes.  More  lead  must  be  added  to  give  the  correct 
"  body  "  or  thickening  to  the  paint.    Such  a  paint  has  the  greater 

'  Presented  at  the  fall  meeting  of  the  National  Academy  of  Sciences,  Bal- 
timore, 1918;  also  at  meeting  of  the  Optical  Society,  Baltimore,  Dec.  28,  1918. 
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liiding  power,  but  it  has  gained  its  superiority  in  consequence  of 
the  excess  of  lead  pigment  which  has  been  added. 

While  ideal  conditions  exist  in  the  cryptometer  tests,  it  seemed 
of  interest  to  compare  the  results  thus  found  with  those  obtained 
in  actual  painting  practice.  I  am  indebted  to  Mr.  R.  J.  Hauk  for 
preparing  the  paints  and  carrying  out  the  painting  tests.  Briefly, 
the  experiment  consisted  in  preparing  three  zinc  paints  (pigment 
ground  in  linseed  oil).  Three  clapboard  panels,  having  an  area  of 
3.75  square  feet,  were  well  primed  with  white  paint.  A  cross  of 
black  paint  was  applied  to  each  of  these  surfaces  and  the  whole 
was  allowed  to  dry.  Then  successive  coats  of  the  respective  paints 
were  applied  until  the  black  cross  could  no  longer  be  seen.  From 
a  knowledge  of  the  area  painted  and  the  volume  of  paint  con- 
sumed in  each  case  it  was  possible  to  calculate  the  number  of 
square  feet  per  gallon  which  the  respective  paints  would  cover 
and  hide.  These  tests  extended  over  a  week  or  more.  When 
about  half  the  adequate  number  of  coats  had  been  applied,  the 
writer  made  hiding-power  tests  with  the  cryptometer.  The  results 
were  as  follows : 


Paint. 

No.  of  coats. 

Hiding-power 
painting  test. 

Hiding-power 
cryptometer. 

1.  ZnO  (heavily  leaded).  .63.2  per  cent. 
Vehicle 36.8  per  cent. 

2.  ZnO(less  heavily  leaded)52.7  per  cent. 
Vehicle       47.3  per  cent. 

i      7 

sq.  ft. 
gal. 
225 

204 

150 

sq.  ft. 
gal. 
256 

213 

3.  ZnO  (pure) 48.6  per  cent. 

Vehicle 51 .4  per  cent. 

150 

On  the  whole,  the  agreement  is  quite  good.  The  findings  of 
the  painting  test  will  always  be  the  smaller  for  two  reasons : 

1.  Brush  marks  will  leave  thin  places  which  must  be  cov- 
ered up. 

2.  Only  whole  numbers  of  coats  may  be  applied,  i.e.,  if  theo- 
retically 6.4  coats  would  just  hide  the  black  cross  it  is  unavoid- 
able that  7  coats  be  applied.  Obviously,  the  greater  the  number 
of  coats,  the  clo.ser  is  the  approach  to  the  ideal  conditions  which 
are  realized  in  the  cryptometer. 

The  conclusion  to  be  drawn  from  these  experiments  is  that 
the  true  hiding  power  of  a  paint  may  be  obtained  in  a  very  few 
minutes  by  means  of  the  cryptometer. 


Nov..  iqiq]       IlmiNG  Power  of  White  Pigmexts.  68i 

It  is  clear  that  if  a  surface  of  lighter  tint  (say,  white  pine) 
is  to  be  hidden,  the  niunber  of  square  feet  per  gallon  will  be  con- 
siderably larger.  The  cryptometer  must  necessarily  leave  out  of 
consideration  the  absorption  of  the  paint  in  the  pores  of  the  wood. 
However,  this  instrument  may  be  adapted  to  take  care  of  lighter 
backgrounds  by  removing  the  black  paint  from  the  lower  surface 
of  plate  {A),  Fig.  i.  If  this  plate  be  rested  on  the  actual  surface 
to  be  painted,  it  is  again  possible  to  determine  in  advance  just  how 
many  gallons  are  required  to  paint  a  given  area. 

The  principal  purpose  of  this  discussion  is  to  present  the  cryp- 
tometer rather  than  final  values  of  the  hiding  power  of  pigments 
and  paints.  In  order  to  realize  the  latter,  it  will  be  necessary  to 
grind  the  pigments  in  oil  and  to  formulate  a  rigorous  definition 
of,  and  test  for,  "  painting  consistency." 

The  results  obtained  may  be  summarized  as  follows  : 

1.  An  instrument  which  yields  numerical  values  of  the  hiding 
powers  of  pigments  and  paints  has  been  devised. 

2.  A  table  of  true  hiding  powers  of  characteristic  pigments 
and  paints  is  presented. 

3.  A  comparison  of  actual  painting  and  cryptometer  tests 
shows  that  the  two  are  essentially  in  agreement. 

(This  work  was  carried  out  partly  at  the  Johns  Hopkins  University  and 
partly  at  the  Research  Laboratory  of  the  New  Jersey  Zinc  Co.) 
September  30,  1919. 


Helium  Production  in  the  United  States. — Bulletin  178c,  being 
part  of  the  advance  sheets  of  Bulletin  178,  about  to  be  issued  by 
the  Bureau  of  Mines,  gives  at  some  length  the  work  that  was 
done  during  the  war  in  the  search  for  sources  and  methods  of 
extraction  of  helium.  No  more  romantic  story  is  likely  to  be 
developed  in  connection  with  the  labors  of  the  Chemical  Warfare 
Service  and  War  Industries  Board  than  that  set  forth  in  this 
account.  The  value  of  helium  is  simply,  that  being  uninflammable 
and  next  in  lightness  to  hydrogen  among  known  substances,  it 
serves  excellently  for  balloons. 

Even  in  the  discovery  of  helium  there  is  a  most  interesting 
romance  which  serves  to  show  the  connection  between  the  most 
important  and  even  tragic  phases  of  life  and  pure  research. 
Helium  was  first  recognized  in  the  sun  and  for  a  long  while  no 
terrestrial  occurrence  was  known.  In  1868  Janssen  observed  a 
yellow  line  in  the  spectrum  of  the  solar  chromosphere,  near,  but 
not  coincident  with,  the  sodium  lines.  In  1889  Hillebrand  noticed 
the  evolution  of  inert  gases  from  uraninite,  which  he  supposed  to 

Vol.  188,  No.  11 27 — 49 


682  Current  Toi'ics.  [J.  F.  I.. 

be  an  aiitropic  form  of  nitrogen,  in  fact,  these  gases  do  contain 
nitrogen,  but  it  remained  for  Ramsay  and  Crookes,  operating  with 
cleveite,  a  variety  of  uraninite,  to  obtain  a  gas  which  gave  the 
same  line  that  Janssen  had  observed.  Frankland  and  Lockyer, 
who  had  followed  up  Janssen's  work,  had  given  the  name 
"  helium  "  to  the  substance  causing  the  line. 

It  was  soon  found  that  helium  is  widely  distributed  on  the 
earth  but  in  small  amounts.  It  has  been  proved  to  be  the  end- 
product  of  the  emanations  of  radio-active  substances.  In  1915 
Ramsay  wrote  to  Moore,  of  the  Bureau  of  Mines,  stating  that  he 
had  been  endeavoring  to  find  sources  of  helium  for  use  in  air- 
ships, but  had  found  none  in  England.  He  stated  that  he  would 
obtain  samples  of  mine  and  other  natural  gases  from  Canada  and 
the  United  States.  As  the  United  States  was  then  a  neutral 
country,  no  special  attention  was  paid  to  the  subject,  but  Moore 
recalled  that  in  1907  Cady  and  ]\IcFarland  had  published  a  paper 
in  the  Jour.  Amer.  Chem.  Soc,  showing  the  presence  of  helium  in 
natural  gas  from  Kansas.  The  subject  became  of  great  impor- 
tance in  1917,  when  the  United  States  entered  the  war,  and  many 
experts  were  consulted  with  a  view  to  securing  sources  of  helium 
and  methods  of  obtaining  it  in  quantity.  These  efforts  are  de- 
scribed in  much  detail  in  the  bulletin,  among  which  is  the  infor- 
mation that  in  the  summer  of  1917  Dr.  R.  B.  Owens,  Secretary  of 
The  Franklin  Institute,  then  a  captain  in  the  Signal  Service  Corps, 
was  sent  abroad  on  a  special  mission,  but  being  much  interested 
in  the  helium  problem  he  took  with  him  a  special  letter  to  the 
British  Admiralty,  which  resulted  in  the  sending  of  two  British 
naval  officers  to  investigate  the  subject. 

The  ultimate  result  of  the  efforts  of  the  many  experts  and  civil 
and  military  officials  was  that  large  amounts  of  nearly  pure 
helium  were  obtained  from  natural  gas.  At  the  time  the  armis- 
tice was  signed,  about  200,000  cubic  feet  of  gas  containing  92.5 
per  cent,  of  helium  had  been  produced  and  stored  in  steel  cylinders 
under  2000  pounds'  pressure.  Seven  hundred  and  fifty  of  these 
cylinders,  each  containing  enough  gas  to  make  200  cubic  feet  at 
atmospheric  pressure,  were  on  the  dock  at  New  Orleans  ready  for 
shipment  to  France,  when  the  cessation  of  hostilities  occurred. 

H.  L. 

The  Electric  Furnace  Defended.  H.  G.  Weidentiial.  {Ameri- 
can Electrochemical  Society,  1919.) — A  polemic  defending  the  elec- 
tric furnace  for  steel-making  against  prejudices  of  the  trade.  The 
user  is  urged  to  acquaint  himself  thoroughly  with  electric  fur- 
nace practice  and  furnish  the  best  that  can  be  i)roduced  by  the 
electric  furnace.  Thus  "  he  will  do  justice  to  himself  and  his 
business,  and  at  the  same  time  give  the  electric  furnace  a 
square  deal." 


DEVELOPMENT  OF  AN   AIRCRAFT  INCIDENCE 
METER.- 

r.v 
A.  F.  ZAHM,  Ph.D. 

Navy  Department.  Bureau  of  Construction,  and  Rtpair. 

Preface. — To  enable  the  air  pilot  to  read  at  a  glance  the  direc- 
tion of  flow  of  the  air  past  his  airship  or  airplane,  a  balanced 
weathervane  indicating  promptly  small  changes  of  incidence  has 
been  developed  and  tried  under  regular  working  conditions.  The 
scale  drawings  and  test  of  the  device  herein  described  were  made 
respectively  by  Mr.  L.  H.  Crook  and  Mr.  S.  S.  Rathbun,  members 
of  the  aeronautics  staff  at  the  \\'ashington  Navy  Yard. 


Fig    I. 


Aircraft  incidence  meter. 


Model. — Figs,  i  and  2  give  the  general  appearance  and  di- 
mensions of  this  instrument.  It  consists  of  a  two-blade  weather- 
vane  supported  on  a  horizontal  pivot  at  the  end  of  a  bracket  arm 
protruding  forward  from  an  airplane  strut  and  adjustable  in  pitch 
by  means  of  the  clamping  nut  at  its  base.  The  vane  has  a  forward 
counter-weight  to  insure  static  balance,  and  a  pointer  playing  on  a 
graduated  arc  of  fourteen  inches  radius,  indicating  even  degrees 
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and  readable  to  fractions  of  a  degree  from  the  pilot's  seat.  The 
blades  have  the  sectional  shape  of  an  Eiffel  Wing-  Xo.  5,  which 
at  zero  incidence  possesses  very  slight  drag  and  a  large  increase  of 
lift  with  slight  increase  of  incidence. 


Fig.  2. 


Plan  for  aircraft  incidence  mtter. 

Wind  Tunnel  Test. — When  the  instrument  was  given  its  pre- 
liminary test  in  the  8'  x  8'  tunnel  its  pointer  remained  steadily 
fixed  in  the  wind  direction  until  forcibly  displaced.  It  then 
promptly  returned  to  zero  incidence  without  lag  or  indication 

of  friction. 


Observations  with  C.  tfc  It.  Incidence  Meter  in  Flight. 


Speed  of  Flight  in  Knots 

55 

65 

75 

Normal  variation 

Precision    of     reading 
possible 

±  0.6° 
±  0.3° 
±  2.° 

±  0.4° 
±  0.2° 
±    I.° 

±  0.4° 
±  0.2" 
±    I." 

Occasional  variation . . 
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Test  in  Flight. —  The  instrument  was  tinally  niountetl  midway 
between  planes  on  the  nearest  right-hand  strut  of  Flying  Boat 
HS-2  Xo.  1840.  and  carried  through  very  still  air  at  three  different 
tixed  speeds.  The  preceding  table  indicates  its  behavior  under 
these  circumstances. 

Conclusion. — If  this  instrument  is  to  be  put  into  use,  it  may 
l^e  lightened  somewhat  and  provided  with  a  strap  to  lash  its  flange 
to  the  aeroplane  strut.  So  finished,  it  would  weigh  about 
1.5  pounds.  

The  World's  Merchant  Tonnage. — The  w-eekly  edition  of  the 
Berliner  Taycblatt,  of  September  10  last,  gives  some  statistics  from 
the  recently  published  Lloyd's  "  Register  of  Shipping,"  this  being 
the  first  issue  of  that  maritime  text-book  published  without  cen- 
sorship since  the  outbreak  of  the  war.  The  data  show  that  the 
total  merchant  tonnage  is  slightly  higher  than  in  19 14,  in  spite  of 
the  great  destruction  that  has  been  going  on,  but  the  distribution 
under  the  several  flags  has  been  materially  changed.  In  July,  1914, 
the  British  flag  covered  41.6  per  cent,  of  the  total  merchant  tonnage, 
the  German,  ii.i  per  cent.,  and  the  United  States,  9.4  per  cent.  The 
American  shipping  w-as  probably  made  up  largely  of  the  coast- 
wise vessels  of  the  Great  Lakes  and  Atlantic  seaboard,  with  those 
used  in  the  trade  with  the  West  Indies  and  South  America,  for 
the  high-seas  fleets  (the  great  liners)  were  mostly  under  British 
and  German  control.  In  July,  1919,  the  figures  are:  British,  34 
per  cent. ;  United  States,  24  per  cent.  Germany,  of  course,  has 
passed  into  a  minor  position.  The  German  commentator  derives 
some  satisfaction  in  the  case  by  the  view  that  Great  Britain  in 
crushing  her  closest  rival,  in  pursuance  of  the  "  rule  the  waves  " 
policy,  has  reared  a  more  dangerous  adversary,  namely,  the 
United  States. 

Attention  is,  how^ever,  called  by  the  com.mentator  to  the  fact 
that  many  of  the  ships  now  afloat  are  "  old  tubs,"  that  w^ould 
have  long  since  gone  to  the  scrap  heap  if  the  scarcity  of  tonnage 
had  not  made  use  necessary.  It  is  probable,  therefore,  that  in  a 
year  or  two  considerable  amortization  of  tonnage  will  occur,  the 
replacement  coming  largely  from  American  and  Japanese  yards. 

H.  L. 

Cranes.  Chester  C.  Rausch.  {National  Safety  Council, 
1919.J — Ever  since  Noah  handled  lumber  while  constructing  the 
Ark  and  the  Egyptians  stones  while  building  the  Pyramids,  the 
problem  of  handling  material  has  been  present  in  industrial  w^ork 
of  whatever  sort  or  kind.  It  is  not  improbable  that  one  of  the 
earliest  methods  of  handling  material  was  by  the  use  of  some 
form  of  rope  manufactured  of  hide  or  woven  barks  passed  over 
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the  limb  of  a  tree.  Later  some  means  was  found  to  use  parts  of 
trees  that  had  been  blown  over,  or  that  had  in  some  way  been 
felled,  to  construct  the  simpler  forms  of  derricks.  As  we  know 
them  to-day  derricks  and  cranes  are  the  result  of  a  development 
extending  through  centuries  and  representing  the  solution  of 
many  problems  one  after  another.  Of  late  years  various  forms 
of  power  have  placed  at  the  disposal  of  man  a  ready  means  for 
adapting  his  machines  to  types  of  work  that  were  formerly  done 
by  the  laborious  efforts  of  man  and  beast. 

In  no  particular  field  has  greater  development  been  made  than 
in  that  of  handling  and  conveying  materials  in  connection  with 
the  process  of  construction,  manufacture,  and  transportation. 
More  recently  the  fact  that  electric  current  furnishes  such  a 
flexible  source  of  power  has  greatly  accelerated  this  development 
and  in  the  past  decade  the  enormous  increase  in  the  use  of  steel 
and  iron  for  the  fabrication  of  structures  and  objects  formerly 
made  of  wood  has  called  for  a  further  development  of  machinery 
to  handle  the  greater  unit  weights  involved.  During  the  last 
three  or  four  years  particularly  the  production  of  cranes  of  all 
sorts  has  increased  unbelievably  and  not  only  is  their  lifting 
capacity  greater  but  their  flexibility  of  operation  and  their  safety 
of  manipulation  as  well.  Where  we  formerly  saw^  a  braced  pole 
derrick  superseding  a  single  stick  or  gin-pole,  we  now  find  loco- 
motive cranes,  tower  derricks,  overhead  travelling  cranes,  gantry 
cranes,  floating  derricks,  wall  cranes,  gib  cranes,  and  a  variety  of 
combinations  of  these  devices  that  enable  almost  any  conditions 
where  material  must  be  handled  to  be  met  by  the  selection  of  a 
type  of  crane  to  do  the  work  and  that  will,  at  the  same  time,  con- 
sume the  least  power,  offer  the  greatest  flexibility,  and  afford  the 
greatest  safety  during  operation. 


Motor  Transport  Training  Schools. — The  United  States  Army 
is  definitely  launched  in  the  field  of  vocational  training  for  the 
motor  transport  corps.  Men  skilled  in  automobile  vehicle  opera- 
tion and  repair  do  not  exist  in  anything  like  adequate  numbers 
for  the  requirements  even  of  civil  life ;  and  the  war  with  Germany 
has  demonstrated  that  no  matter  how  good  our  Army  may  be  in 
other  resi)ects,  its  efficiency  will  be  conditioned  by  that  of  the 
motor  transport  branch. 

Therefore,  the  Army  is  organizing  schools  to  train  men  in  the 
various  branches  of  automobile  repair,  construction,  and  opera- 
tion. There  are  schools  under  trained  teachers  where  the  time 
of  the  pupil  is  wholly  devoted  to  receiving  instruction. 

Apart  from  the  military  necessity,  the  automobile  industries 
will  benefit  by  the  "establishment  of  this  training  system. 

'i'he  United  States  Civil  Service  Commission  is  receiving  ap- 
])lications  to  fill  150  positions  of  assistant  instructors  in  motor 
transport  training  schools. 
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AN  APPARATUS  FOR  MEASURING  THE  RELATIVE  WEAR  OF 

SOLE  LEATHERS  AND  THE  RESULTS  OBTAINED  WITH 

LEATHER  FROM  DIFFERENT  PARTS  OF  A  HIDE.' 

By  R.  W.  Hart  and  R.  C.  Bowker. 

[abstract.] 

A  SHORT  paper  dealing-  with  the  development  of  a  simple  ma- 
chine for  testing  the  wear  resistance  of  sole  leathers  and  giving 
the  results  of  extensive  research  work  on  the  relative  resistance 
to  wear  in  different  parts  of  a  bend.  The  machine,  which  is  de- 
scribed at  various  stages  of  its  development  up  to  the  present  time, 
was  designed  to  subject  leather  to  an  abrasive  action  similar  to 
that  which  it  undergoes  on  a  shoe  sole,  and  to  accelerate  the  wear 
so  that  a  test  could  be  completed  in  24  hours. 

The  result  of  three  extensive  tests  on  the  resistance  to  wear 
in  different  parts  of  a  bend  are  given,  with  detailed  description  of 
the  manner  in  which  these  tests  were  made,  one  test  showing  the 
results  of  comparative  wearing  tests  both  on  the  machine  and  in 
actual  service  are  included  in  this  paper.  The  results  of  all  investi- 
gations show  that  the  laboratory  testing  machine  gives  a  proper 
indication  of  the  wearing  resistance  of  leathers. 


EQUILIBRIUM  CONDITIONS  IN  THE  SYSTEM  CARBON,  IRON 

OXIDE,  AND  HYDROGEN,  IN  RELATION  TO  THE  LEDEBUR 

METHOD   FOR   DETERMINING  OXYGEN   IN   STEEL.^ 

By  J.  R.  Cain  and  Leon  Adler. 

[abstract.] 

It  is  shown  that  mixtures  of  iron  oxide  and  Acheson  graphite 
are  not,  and  mixtures  of  iron  oxide  with  "  cemented  "  iron  or 
white  iron  (annealed  or  unannealed)  are,  reduced  at  900°  C.  by 

*  Communicated  by  the  Director. 
^Technologic  Paper  147. 
'  Scientific  Paper  350. 
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the  carbon  in  them  when  hydrogen  is  passed  over  them  at  rates  of 
two  litres  per  hour  or  faster.  Because  of  these  facts,  it  is  prol)ably 
impossible  to  determine  by  the  Ledebur  method  more  than  75  per 
cent,  of  the  oxygen  present  in  steels  as  ferrous  oxide.  The  effect 
of  rate  of  passage  of  hydrogen  on  the  Ledebur  oxygen  content  of 
certain  steels  is  shown. 


THE  COKING  OF  ILLINOIS  COAL  IN  KOPPERS  TYPE  OVENS." 

By  R.  S.  McBride  and  W.  A.  Selvig. 
[abstract.] 

(An  Operating  Test  at  the  St.  Paul  Plant  of  Minnesota  By-Product  Coke  Co. 
Joint  Report  of  National  Bureau  o£  Standards  and  Bureau  of  Mines.) 

The  great  importance  during  the  war  period  of  substituting 
Mid-continent  coal  for  coals  from  more  distant  sources,  even  in 
by-product  coke  oven  work,  was  well  recognized.  The  Bureau  of 
Standards  was  ordered  to  conduct  an  investigation  of  a  new 
coke  oven  process  claimed  to  Ije  especially  suited  to  this  purpose 
and  in  connection  with  this  the  Bureau  was  requested  to  conduct 
a  test  of  the  St.  Paul  plant  of  the  Minnesota  By-Product  Coke 
Company  which  is  owned  by  The  Koppers  Company.  Pittsburgh. 
The  Bureau  of  Standards,  in  cooperation  with  the  Bureau  of 
Mines,  carried  out  this  operating  test,  using  about  7600  tons  of 
coal  from  the  Orient  Mine,  Franklin  County,  Illinois.  All  phases 
of  coal  handling,  by-product  recovery  and  laboratory  tests  were 
under  observation  by  the  stafif  of  yj  (iovernment  engineers  and 
chemists  employed  on  the  work.  In  addition,  those  in  charge  had 
the  l)enefit  of  advice  and  comment  from  a  considerable  num1)er  of 
experts  who  are  specialists  in  the  field  of  coke  oven  ojK'ration. 

The  (juantity  of  all  coal  used  and  of  all  by-])ro(lucts  obtained 
was  carefully  weighed  or  measured  at  regular  intervals  and 
samples  of  each  material  were  taken  for  analysis.  The  l>nrcau  of 
Standards  was  responsible  for  the  general  ])lanning  and  super- 
vision of  the  test  work.  Its  representatives  made  all  oliservations 
of  battery  operation,  high  temperature  measurements,  by-product 
recovery,  and  chemical  laboratory  work  on  gas  and  by-products. 

'Technologic  Paper  No.  137. 
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The  Bureau  of  Klines  was  responsible  tor  the  saniphng  of  the 
coal  both  as  it  was  loaded  at  the  mine  and  as  dumped  at  the  plant. 
It  supervised  the  weig-hing.  coal  handling,  coke  handling,  and  coke 
siinipling  operations,  and  made  all  analyses  of  coal  and  coke.  Its 
representatives  also  made  general  observations  on  the  character 
of  the  coke  and  operation  of  the  ovens. 

The  Minnesota  By-Product  Coke  Company  Plant  consisted 
of  65  ovens  of  18^4  inches  average  width,  operating  during-  the 
test  period  with  an  average  gross  coking  time  of  19  hours  and  33 
minutes  with  coal  finely  pulverized,  12.75  tons  per  oven  as  charged. 
The  temperature  of  the  heating  wall  as  determined  by  rare  metal 
thermocouples  averaged  about  1200°  during  the  test  period.  The 
cc:>ke  was  screened  to  produce  large  and  small  furnace  sizes,  stove, 
nut  and  pea  domestic  sizes,  and  breeze.  The  gas  was  separated 
into  rich  ancf  lean  at  the  battery.  Separate  test  records  were 
kept  of  each  size  of  coke  and  of  each  quality  of  gas.  Practically 
all  of  the  ammonia  produced  was  made  up  into  sulphate  imme- 
diately through  the  direct  recovery  process.  Although  the  plant 
operated  for  the  production  of  pure  light  oil  products  only  the 
total  production  of  light  oil  was  measured,  but  the  yield  of 
various  constituents  was  determined  by  analysis. 

The  coke  produced  w^as  very  irregular  in  size,  had  a  longitu- 
dinal fracture,  was  fingery,  brittle  and  shattered  easily.  The  cell 
structure  was  very  small  and  regular.  The  coke  was  lighter  than 
the  average  by-product  coke,  weighing  only  23  pounds  per  cubic 
foot.  The  first  table  summarizes  the  characteristics  and  yield  of 
this  coke  further.  The  large  percentage  of  domestic  sizes  obtained 
and  therefore  the  unusually  small  percentage  of  furnace  size 
demonstrates  that  the  coke  will  not  stand  handling  and  screening 
without  breaking  up  into  many  smaller  sizes.  This  is  due  prima- 
rily to  its  fingery  and  brittle  characteristics. 

In  order  to  test  the  behavior  of  the  furnace-size  coke  produced 
from  the  Orient  coal,  arrangements  w^ere  made  to  use  about  1800 
tons  of  this  material  in  the  blast  furnace  plant  of  the  Mississippi 
Valley  Iron  Company.  The  coke  regularly  used  at  that  furnace 
is  produced  in  Koppers  ovens  of  the. Laclede  Gas  Light  Company, 
St.  Louis,  from  a  mixture  of  Elkhorn,  Pocahontas  (low  volatile) 
and  Illinois  coals.  The  substitution  of  the  Illinois  coke  for  the 
regular  supply  was  accomplished  abruptly  and  continued  without 
interruption  throughout  the  ten-day  period.    Several  experts  were 


690 


U.  S.  Bureau  of  Standards  Notes. 


[J.F.I. 


present  during  this  test,  and  it  was  the  unanimous  opinion  of  these 
persons  and  of  the  blast  furnace  operators  that  the  Illinois  coke 
had  shown  highly  satisfactory  results.  However,  it  should  be 
borne  in  mind  that  the  furnace  used  for  this  test  w^as  of  small 
capacity,  and  it  is  not  certain,  therefore,  that  the  results  in  this 
case  would  be  duplicated  on  a  large-size  furnace. 

The  yields  of  gas  and  by-products  are  summarized  in  the 
second  table. 

As  a  result  of  the  test  it  is  clearly  demonstrated  that  some  of 
the  Illinois  coals  can  be  coked  in  the  Koppers-type  oven  without 
radical  change  in  operating  methods  for  the  production  of  coke 
which  can  be  successfully  used  in  a  blast  furnace.  However,  it 
appears  that  the  temperature  at  which  Illinois  coal  should  be 
handled  for  the  production  of  the  best  coke  is  somewhat  lower 
than  the  best  operating  temperatures  for  Eastern  coals,  and  more- 
over, the  speed  of  coking  of  the  Illinois  coal  is  somewhat  less.  The 
yield  of  gas  and  by-products  from  Illinois  coal  of  the  kind  tested 
is  excellent  both  in  quantity  and  quality.  Of  course  the  coal 
tested  in  this  case  represents  one  of  the  best  Illinois  coals  for 
coking  purposes,  l)€ing  lower  in  ash  and  sulphur  and  otherwise 
superior  to  many  from  this  field. 

In  general  the  comparison  of  Eastern  coking  coals  with  those 
from  the  Mid-continent  field  must  be  made  upon  an  economic 
basis  since  which  source  will  be  preferable  depends  altogether  on 
local  conditions  which  will  afifect  the  cost  of  the  material  and  the 
relative  expense  of  handling.  These  phases  of  the  question  have, 
however,  not  been  discussed  in  this  report. 

Gas  AN'n  Rv-PRonucT  Yiki.d  Summary. 


Product 

Gas : 

Surplus    cubic  feet 

To  ovens    cubic  feet 

Total   cubic  feet 

Tar  : 

As   produced    gallons 

Dry  (computed)   gallons 

Ammonium  suli)hate — pure pounds 

Anmionia     pounds 


Per  ton  of  coal 
As  charged 

Dry 

5490 

5230 

10720 

5970 

5690 

1 1660 

7.81 

7-57 

27.88 

7.19 

8.49 
8.23 

7.S^ 

A 


Per  ton  of  coal 
As  charged 

Dry 

3.71 

403 

311 

338 

2.105 

2.289 

0.497 

0.540 

0.130 

O.141 
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Light  oil  :  Product 

As  produced    gallons 

Under  200^'  C gallons 

Benzene   gallons 

Toluene    gallons 

Solvent  Naphtha  gallons 

Coal  and  Coke  Summary. 

Coal  used  Coke  produ  ;ed  (dry) 

-As  charged 7685.6  tons       Furnace     '. 2704.4  tons 

Dry 7065.4  tons      Stove    1178.1  tons 

Oven  charged  603  Nut  549-5  tons 

Coalperoven  ^^^    89-9  tons 

.As  charged 12.75  tons      Breeze    308-4  tons 

Drv   1 1.72  tons  Total    4830.3  tons 


Coking  time 


Ratio  of  dry  coke  to  dry  coal 

Furnace  38.3  per  cent. 

Stove    16.7  per  cent. 


-Average  gross   19  hr.  33  mm.       Nut   1-1  per  cent. 

.•\verage  net   ighr.  11  min.       Pea    i-3  percent. 

Breeze    4-4  per  cent. 

Total    68.4  percent. 

Sizes  of  Coke  Produced. 

Furnace    56.0  per  cent.       Pea   1.8  per  cent. 

Stove    24.4  per  cent.       Breeze    6.4  per  cent. 

Xut   11.4  per  cent.  Total    loo.o  per  cent. 


SOME  TESTS  OF  LIGHT  ALUMINUM  CASTING  ALLOYS; 
THE  EFFECT  OF  HEAT  TREATMENT/ 

By  P.  D.  Merica  and  C.  P.  Karr. 

[abstract.] 

The  tensile  properties  and  the  hardness  of  a  number  of  dif- 
ferent compositions  of  Hght  aluminum  casting  alloys  have  been  de- 
termined, the  resistance  to  corrosion  compared  and  the  resistance 
to  the  action  of  alternation  or  vibratory  stresses  determined  on  a 
few  commonly  used  compositions. 

It  is  advisable  to  use  for  tensile  tests  a  test  bar  cast  almost  to 
size ;  a  bar  cast  with  the  test  length  Vio  irich    in  diameter,  after- 

*  Technologic  Paper  Xo.  139. 
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wards  machined  to  .505  inch  gives  satisfactory  results.  The  use 
of  a  type  of  test  specimen  which  can  be  gripped  in  a  self -centring 
holder  in  the  testing  machine  is  recommended. 

A  study  of  the  effect  of  chemical  composition  on  the  mechan- 
ical properties  has  shown  that  it  is  possible  to  obtain  an  alloy  con- 
taining from  2  to  3  per  cent,  of  copper  together  with  i  or  2  per 
cent,  of  nickel,  manganese  or  both,  w^hich  will  have  a  reasonable 
amount  of  ductility,  and  it  is  believed  that  an  alloy  of  this  type 
should  have  commercial  value.  Tensile  properties  suggested  for 
such  an  alloy  are  the  following : 

Tensile  strength 20,000  to  25,000  pounds  per  square  inch 

Elongation  in  2  inch not  less  than  5  per  cent. 

The  addition  of  magnesium  to  alloys  containing  copper  reduces 
in  a  marked  manner  the  ductility,  but  increases  the  tensile  strength 
and  the  hardness. 

The  effect  of  heat-treatment  on  test  bar  castings,  consisting 
of  annealing  500°  C,  cooling  them  in  air  from  this  temperature 
and  allowing  them  to  age  for  several  days,  is  to  increase  the  tensile 
strength  and  the  hardness;  the  ductility  of  the  alloy  is  generally 
decreased,  but  may  in  some  cases  be  increased.  The  presence  of 
magnesium  in  the  alloy  in  amounts  of  from  0.5  tO'  1.5  per  cent, 
seems  to  increase  the  hardening  effect  of  heat-treatment.  The 
heat-treatment  of  light  aluminum  castings  would  seem  to  have 
commercial  possibilities. 

The  microstructure  of  the  different  alloys  was  studied  and  it 
was  found  that  fracture  in  them  prefers  a  path  along  the  brittle 
envelo])es  surrounding  the  grains  of  aluminum,  consisting  of  the 
various  eutectics  which  are  formed  with  the  added  metals  or 
their  com])ounds. 

Two  months'  exposure  in  the  salt  spray  produced  only  slight 
corrosion  of  several  compositions  of  cast  alloys.  There  was  no  ap- 
preciable difference  between  the  different  compositions  in  resist- 
ance to  corrosion. 

A  study  of  the  resistance  to  the  action  of  alternating  stresses 
of  three  compositions  of  light  cast  alloys : 

E  series — containing  S  per  ccift.   cojjper 
Z  series — containing  2-3  per  cent,  copper,  12-15  P^'"  ^^"t-  ^-^^^'^ 
G  series — containing    1.5-2    per    cent.  coi)i)er,     1.5-2    per    cent, 
manganese, 
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showed  that  there  was  no  marked  difference  in  the  behavior  of 
the  three  alloys  in  the  test  although  the  E  series  was  somewhat 
superior  and  the  G  series  somewhat  inferior  to  the  others.  All 
of  the  three  alloys  will  withstand  10,000,000  complete  reversals 
(tension  to  compression)  at  a  maximum  fibre  stress  of  7000 
pounds  per  square  inch. 


AN  ELECTROLYTIC  RESISTANCE  METHOD  FOR 
DETERMINING   CARBON   IN   STEEL.' 

By  J.  R.  Cain  and  L.  C.  Maxwell. 

[.ABSTRACT.] 

Method  and  apparatus  are  described  for  rapidly  and  ac- 
curately determining-  carten  in  steel  by  absorbing  in  a  solution  of 
barium  hydroxide  the  carbon  dioxide  resulting  from  direct  com- 
bustion of  the  metal  in  oxygen,  and  deducing  the  carbon  content 
from  the  change  in  electrical  resistance  of  the  barium  hydrox- 
ide solution. 


THE  DIRECT  DETERMINATION  OF  INDIA  RUBBER 
BY   THE   NITROSITE   METHOD." 

By  John  B.  Tuttle  and  Louis  Yurow. 

[abstract.] 

The  method  of  determination  of  india  rubber  described  by 
Wesson  (Tech.  paper  35)  was  applicable  only  to  compounds  con- 
taining new  rubber,  and  even  for  these  was  not  always  satis- 
factory. By  varying  the  procedure,  it  has  been  found  possible 
to  extend  the  usefulness  of  the  method  to  compounds  containing 
reclaimed  rub1>er  and  substitutes,  as  well  as  lampt-black  and 
bituminous  substances.  The  method  is  based  upon  the  formation 
of  rubber  nitrosite,  which  is  purified,  burned  in  a  combustion 
furnace  and  the  carbon  dioxide  formed  is  calculated  to  rubber. 

"'Technologic  Paper  No.  141. 
*  Technologic  Paper  No.  145. 
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Magnetic  State  of  Prehistoric  Burned  Earths.  P.  L.  Mercan- 
TOiX.  {Bull.  Societe  Vandoise,  vol.  Hi,  No.  194.) — The  author  is 
continuing  the  investigations  of  the  Itahan,  Folgheraiter.  When 
pottery  was  baked  or  lavas  cooled  they  assumed  in  many  cases  a 
magnetic  state  depending  upon  the  direction  of  the  earth's  mag- 
netic field  at  the  time.  If  the  position  which  they  occupied 
while  cooling  can  be  determined,  it  is  sometimes  possible  to 
infer  the  direction  of  the  earth's  magnetic  field  after  a  magnet- 
ometric  investigation  of  the  object.  M.  Mercanton  reports  in 
this  paper  the  results  of  his  examination  of  eleven  pieces  of 
baked  clay,  used  as  sinkers  in  fishing.  He  finds  no  regularity  of 
magnetization  and  concludes  that  all  were  baked  at  a  time  when 
the  earth's  field  was  horizontal,  i.e.,  when  the  inclination  was 
zero.  He  is  surprised  at  this,  since  the  sinkers  come  from  vari- 
ous ages,  such  as  the  stone,  and  the  bronze  age. 

G.  F.  S. 

Signal  Corps  School. — Realizing  that  there  are  comparatively 
few  trained  radio  operators  available,  to  fill  the  needs  of  the 
Signal  Corps,  the  Government  has  established  a  training  school 
at  Camp  Alfred  Vail,  New  Jersey.  Here  men  with  only  common 
school  education  can  be  sent  from  the  enlisted  personnel  and 
secure  a  thorough  training  in  signal  corps  specialties.  These  in  the 
main  are  the  same  as  one  meets  in  civil  life,  with  the  addition  of 
their  military  application.  Men  will  be  trained  as  telegraph,  tele- 
phone and  radio  operators ;  electricians,  instrument  makers  and 
repairers ;  cable  splicers,  cooks,  clerks,  photographers ;  chauffeurs 
and  motorcyclists. 

The  location  of  this  school  at  Camp  Vail,  N.  J.,  will  be  con- 
sidered as  temporary  until  the  extent  of  the  needs  of  the  Army 
with  reference  to  permanent  Signal  Corps  Schools  has  been  defi- 
nitely determined  and  approved  by  the  War  Department. 

Passenger  Train  Resistance.  (University  of  Illinois,  Engi- 
neering Experiment  Station,  Bnlletiti  no,  1919.) — Tests  to  deter- 
mine the  resistance  of  passenger  trains  at  all  speeds  up  to  seventy 
miles  per  hour,  and  for  average  car  weights  have  been  completed 
by  the  Railway  Department  of  the  Engineering  I'.xperiment  Station 
of  the  University  of  Illinois.  Of  the  240  cars  composing  the  28 
trains  tested,  178  had  six- wheel  trucks,  and  62  had  four-wheel 
trucks.  These  tests  were  made  on  the  lines  of  Illinois  Central 
Railroad  by  Professor  E.  C.  Schmidt  and  H.  II.  Dunn  upon  well 
constructed  and  well  maintained  main  line  track  laid  almost  en- 
tirely with  85-pound  or  90-pound  rail  and  ballasted  with  broken  stone. 

rVom  the  results,  which  are  given  in  Bulletin  No.  no  of  the 
Engineering  Experiment  Station,  a  table  has  been  prepared  show- 
ing the  probable  average  value  of  resistance  for  passenger  trains 
composed  of  cars  weighing  from  thirty  to  seventy  tons  and  oper- 
ating at  speeds  ranging  from  five  to  seventy-five  miles  per  hour. 
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BOTULISM  FROM  CANNED  ASPARAGUS.' 

By  Charles  Thorn,  Ruth  B.  Edmondson,  and  L.  T.  Giltner. 

[abstract] 

Canned  asparagus  taken  from  the  jar  and  served  as  a  salad 
caused  die  deaths  of  four  persons  in  Boise,  Idaho,  in  January, 
1 919.  Cultures  from,  a  portion  of  the  salad  and  from  one  jar 
of  asparagus  canned  in  the  same  pack  as  that  used  in  the  salad 
showed  a  strain  of  B.  botulinus,  designated  for  convenience  the 
"  Boise  strain."  Animal  experimentation  proved  that  this  strain 
produces  a  ver\-  virulent  toxin.  Guinea-pigs,  rabbits,  and  chickens 
are  readily  susceptible  to  the  toxin  when  taken  by  mouth.  Cattle, 
pigs  and  dogs,  while  not  susceptible  to  feeding,  succumb  to  in- 
jections of  the  toxin.  The  strength  of  the  toxin  produced  by 
this  strain  varies  with  changes  in  cultural  conditions.  At  the 
highest  toxicity  obtained  the  minimum  lethal  dose  for  a  guinea- 
pig  weighing  from  330  to  400  grams  was  an  intraperitoneal  in- 
jection of  o.oooi  c.c.  of  a  filtered  dextrose  beef  infusion  culture 
incubated  28  days  at  35°  C. 

The  toxin  is  destroyed  by  heating  to  75°  C.  or  by  heating  at 
73°  C.  for  10  minutes.  Bacilli  freed  from  toxin  by  washing  or 
spores  freed  from  toxin  by  heat  do  not  produce  symptoms  of  pois- 
oning when  fed  or  injected,  but  have  been  recovered  from  the 
fseces  of  fed  animals  in  virulent  form.  All  cultures  of  this  strain 
have  a  characteristic  offensive  odor  (putrefactive),  which  was 
clearly  evident  in  the  canned  material  connected  with  this  case. 

The  organism  is  a  heat  resistant  amerobe,  whose  optimum  tem- 
perature is  37°  C.  It  will  live  and  multiply,  however,  at  12°  C. 
(ice-box  temperature).  Its  spores  survive  ordinary  boiling  for 
an  hour  or  Ijoiling  at  10  pounds  pressure  for  15  minutes.  Such  an 
organism,  if  present,  may  be  expected  to  survive  the  heating  used 
in  canning  and  to  produce  marked  evidences  of  spoilage  in  the 
can.  When  physical  evidences  of  such  spoilage  are  present,  the 
material  should  be  destroyed. 

*  Communicated  by  the  Chief  of  the  Bureau. 
'  Published  in  /.  Amer.  Med.  Ass'n. 
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Dust  Hazard  in  the  Abrasive  Industry. — The  conviction  is 
growing  among  experts,  that  workers  in  dusty  trades  are  espe- 
cially liable  to  tuberculosis.  The  subject  has  been  treated  in  a 
bulletin  by  Professor  Winslow,  of  the  Yale  Medical  School, 
assisted  by  L.  and  D.  Greenburg  of  the  U.  S.  Public  Health  Ser- 
vice and  published  as  Reprint  530  of  that  service.  Extensive 
examinations  w^ere  made  of  two  large  factories  designated  respec- 
tively as  B  and  C,  the  former  employing  2000  hands,  of  which  400 
are  women.  In  both  cases  much  defect  was  found  in  the  methods 
of  avoiding  dust.  While  ordinary  inspection  in  one  of  the  fac- 
tories in  which  some  installations  had  been  made  with  a  view  of 
improving  the  conditions  some  benefit  appeared,  the  analysis  of 
the  air  did  not  confirm  the  opinion.  Comparisons  are  given  be- 
tween these  factories  and  those  of  other  occupations  in  which 
dust  is  produced  in  considerable  amount.  From  the  figures  it 
seems  that  the  amount  of  dust  ranges  from  2.37  mgms.  of  solid 
particles  in  100  cubic  feet  of  the  air  of  a  good  polishing  shop,  to  780.5 
mgms.  in  the  same  volume  of  air  in  factory  C.  It  is  noted  that 
while  the  total  dust  in  the  air  of  a  carpet  and  blanket  mill  is 
higher  than  most  of  the  other  industries  given  in  the  table  (such 
as  pottery,  asbestos,  tobacco,  steel  grinding),  the  inorganic  mat- 
ter in  the  textile  dust  is  the  lowest.  'Jlie  bulletin  concludes  with 
the  statement  that  establishments  in  which  abrasive  materials 
are  made  may  present  conditions  in  regard  to  aerial  dust  un- 
equalled in  any  other  industry,  and  that  the  subject  is  an  impor- 
tant one  in  industrial  hygiene.  It  would  be  worth  while  to 
inquire  whether  any  form  of  gas-mask  can  be  utilized  for  the 
protection  of  the  worker.  •  tt    t 

Heartwood  and  Sapwood.  {Technical  \^otes,  Forest  Products 
Laboratory,  1919.) — In  over  300,000  tests  which  have  been  made  at 
the  Forest  Products  Laboratory,  Madison,  Wis.,  on  the  various 
species  of  wood  grown  in  the  United  States,  no  efifect  upon  the 
mechanical  properties  of  wood  due  to  its  change  from  sapwood 
into  heartwood  has  ever  been  noticed.  Any  difference  in  the 
strength  of  heartwood  and  sapwood  can  usually  be  explained  by 
the  growth  and  density  of  the  wood. 

In  other  than  mechanical  properties,  there  arc  differences  be- 
tween heartwood  and  sapwood  which  have  an  important  bearing 
on  their  use  for  various  purposes.  The  sapwood  of  most  Ameri- 
can species  is  considerably  less  resistant  to  decay  than  the  heart- 
wood,  and  where  the  wood  is  used  without  preservative  treatment  in 
situations  which  favor  decay,  the  sapwood  is  likely  to  have  a 
much  shorter  life.  In  these  particular  cases,  therefore,  strength 
rec|uirements  may  have  an  indirect  bearing  on  the  choice  between 
heartwood  and  sa])wood,  inasmuch  as  wood  infected  with  decay  is 
likely  to  have  its  strength  proi)erties,  particularly  that  of  shock 
resistance,  greatly  reduced. 
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{Proceedings  of  the  Stated  Meeting  held  Wednesday,  October  15,  1919) 

Hall  of  The  Franklin  Institute, 
Philadelphia,  October  15,  1919. 
President  Dr.  Walton  Clark  i«  the  Chair. 

Additions  to  the  membership  since  last  report,  16. 

Reports  of  progress  were  presented  by  the  Committee  on  Library,  and 
the  Committee  on  Science  and  the  Arts.  The  President  then  announced  that 
the  Philadelphia  Section  of  the  American  Institute  of  Electrical  Engineers 
was  meeting  jointly  with  the  Institute,  and  requested  Prof.  C.  E.  Clewell, 
Chairman,  to  preside. 

Professor  Clewell  then  introduced  Captain  S.  W.  Bryant,  U.  S.  N.,  Acting 
Director  Naval  Communication  Service,  Navy  Department,  Washington,  D.  C, 
who  presented  a  communication  entitled  "  The  U.  S.  Naval  Communication 
Service."  The  lecture  included  a  description  of  the  formation  of  the  Naval 
Communication  Service  and  a  general  outline  of  its  functions;  status  of  this 
service  at  the  time  of  the  declaration  of  war  and  the  demands  made  upon 
it  during  the  war.  Consideration  was  given  to  the  methods  of  communication 
between  Naval  Headquarters  and  the  fleet  and  between  the  fleet  and  its 
various  units.  A  description  was  also  given  of  the  high-powered  stations 
2nd  their  use  during  the  war,  and  the  development  of  radio  direction  finding 
stations  was  outlined  with  an  indication  of  their  use  in  war.  Various  other 
activities  of  the  Naval  Communication  Service  were  described.  The  subject 
was  illustrated  by  lantern  slides.  After  a  brief  discussion  the  thanks  of  the 
meeting  were  conveyed  to  the  speaker. 

Adjourned. 

R.  B.  Owens, 
Secretary. 

COMMITTEE  ON  SCIENCE  AND  THE  ARTS. 

{Abstract  of  Proceedings  of  the  Stated  Meeting  held  Wednesday, 
October  i,  1919. 

Hall  of  the  Franklin  Institute, 
Philadelphia.  October  i,  1919. 
Mr.  Benjamin  Franklin  in  the  Chair. 

The  following  reports  were  presented  for  final  action : 

No.  2728:  Landreth  Electrolytic  Sewage  Process.  Protests  con- 
sidered. Howard  N.  Potts  Gold  Medal  awarded  to  Clarence  P. 
Landreth  of  Philadelphia,  Pa. 

Vol.  188,  No.  1127 — 50  697 
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No.  2714:  Snook  X-ray  System.     Edward  Longstreth  Medal  of  Merit 

awarded  to  H.  Clyde  Snook  of  New  York  City. 
No.  2729 :   Simplex  Fluid  Meter.    Edward  Longstreth  Medal  of  Merit 
awarded  to  John  Walter  Ledoux  of  Philadelphia,  Pa. 
The  following  report  was  presented  for  the  first  reading : 
No.  2743 :  Raymond  Concrete  Pile. 

R.  B.  Owens, 

Secretary. 


SECTIONS. 


Mechanical  and  Engineering  Section. — A  joint  meeting  with  the  Aero 
Club  of  Pennsylvania  was  held  on  Thursday  evening,  October  2,  1919, 
Mr.  Charles  Day  and  Mr.  Joseph  A.  Steinmetz  presiding  jointly.  Brig.  Gen. 
William  Mitchell,  Division  of  Military  Aeronautics,  War  Department,  Wash- 
ington, D.  C,  presented  a  communication  entitled  "  The  American  Air  Service 
at  the  Front."  The  speaker  described  the  development  of  aviation  at  the 
beginning  of  the  European  War,  its  progress  up  to  the  time  the  United  States 
entered  it,  the  necessity  for  basing  technical  and  production  development  of 
aircraft  and  accessories  on  tactical  requirements,  conditions  that  existed  from 
a  technical  standpoint  before  the  entrance  of  the  United  States  into  the  war, 
ihe  formation  of  the  American  Air  Service  in  Europe,  its  employment,  use, 
tactics  it  developed  and  its  work  in  combination  with  other  Air  Services. 
Consideration  was  also  given  to  the  future  of  the  Air  Service  in  this  country. 
The  subject  was  illustrated  by  numerous  lantern  slides.  The  thanks  of  the 
meeting  were  conveyed  to  the  speaker. 

Adjourned. 

R.  B.  Owens, 

Secretary. 

Section  of  Photography  and  Microscopy. — A  joint  meeting  of  the  section 
with  the  Aero  Club  of  Pennsylvania  was  held  on  October  9,  1919,  at  8  o'clock. 
Dr.  Harry  F.  Keller  and  Mr.  Joseph  A.  Steinmetz  presiding  jointly.  The  paper 
of  the  evening,  entitled  "  Photography  from  the  Airplane,"  was  presented  by 
Major  Herbert  E.  Ives,  Ph.D.,  of  the  Aviation  Section,  Signal  Reserve 
Corps,  lately  in  charge  of  Photographic  Experimental  Work,  United  States 
Air  Seryice.  The  speaker  gave  an  account  of  the  beginning  of  Photography 
from  the  airplane,  which  occurred  at  the  time  of  the  beginning  of  the  great 
war,  and  early  became  one  of  the  most  important  activities  of  all  the  air  forces. 
By  its  aid  complete  detailed  maps  of  enemy  trenches,  batteries,  and  lines  of 
communication  were  always  available,  thus  entirely  destroying  the  factor  of 
secrecy,  and  so  revolutionizing  military  strategy.  Numerous  technical  prob- 
lems arose  in  connection  with  the  methods,  apparatus  and  m;\terials  to  be  used 
in  this  newest  api)lication  of  i)hotography,  and  ultimately  nearly  every  branch 
of  scientific  photography  lent  its  aid.  The  speaker  descrilied  the  research 
work  done  for  the   United  States  Air  Service,  and  illustrated   the  subject  by 
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lantern  slides  of  the  apparatus  used  and  also  exhibited  photographs 
taken  over  the  battle  lines,  .\fter  a  vote  of  thanks  to  Major  Ives  the 
meeting  adjourned. 


.\djourned. 


R.  B.  Owens, 
Secretary. 
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Cobalt:  Its  Occurrence.  Metallurgy,  U.ses  and  Alloys.  Report  of  the 
Ontario  (Canada)  Bureau  of  Mines,  1918,  vol.  xxvii.  Part  III,  Section  i. 
Prepared  by  Charles  W.  Drury.     122  pages  and  Index,  Svo.   Toronto,  1910. 

Cobalt  has  always  been  numbered  among  the  rather  rare  metals,  and  its 
practical  uses  have  been  limited  by  that  fact.  According  to  the  report  at 
hand,  only  five  locations  are  known  at  which  cobalt  ores  are  either  being 
worked  or  suitable  as  sources.  These  are,  respectively,  in  Ontario,  Missouri, 
New  Caledonia,  Belgian  Congo  and  Schnccbcrg.  Germany.  The  Ontario  de- 
posits, at  Cobalt,  are  the  largest.  The  shipping  ore  and  concentrates  contain 
an  average  of  7  to  10  ])er  cent,  of  the  metal,  5  ])er  cent,  of  nickel,  25  per 
cent,  of  arsenic,  and  from   300  to   1000  ounces  of  silver  per  ton.     As  might 
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be  expected  from  the  large  amount  of  arsenic,  the  cobalt  and  nickel  occur 
principally  as  arsenides.  Arsenic  and  silver  are  not  found  with  the  Missouri 
ores,  which  are  of  an  entirely  different  class  from  the  Canadian,  containing 
copper  and  lead,  and  much  smaller  averages  of  cobalt  and  nickel.  The  new 
Caledonian  ore  is  chiefly  oxide,  averaging  about  3  per  cent.  The  mines  of  the 
Belgian  Congo  yield  an  ore  containing  much  copper  and  about  3  per  cent. 
of  cobalt.  The  Schneeberg  ores  are  also  poor  in  nickel  and  cobalt,  but  richer 
in  bismuth. 

The  total  world  production  is  about  500  tons  per  year.  The  Canadian 
deposits  will  be  the  most  prolific  source  for  some  years,  but  the  production 
of  the  Missouri  mines  will  probably  suffice  for  the  needs  of  the  United  States. 
The  New  Caledonia  mines  are  not  active  on  account  of  the  high  cost 
of  transportation. 

Over  twenty  species  of  minerals  containing  cobalt  as  a  definite  ingredient 
are  described  in  the  pamphlet,  and  the  geology  and  mineralogy  of  the  de- 
posits in  the  several  localities  are  extensively  treated. 

The  production  of  the  several  metals  from  the  mines  at  Cobalt,  Canada, 
in  1917,  was  as  follows: 

Value  in 
Metal  Tons  Dollars 

Xickel      15s  125,071 

Cobalt     337  1,138,190 

Arsenic    2,592  608,483 

In  addition,  19,401.893  ounces  of  silver,  valued  at  $16,121,013  were  mined. 
The  arsenic  is  presumably  given  in  the  form  of  arsenous  oxide.  The  total 
value  of  the  product  of  the  mines  during  1917  was  $18,028,597. 

The  uses  of  cobalt  are  treated  in  a  special  chapter.  These  were  used 
originally  largely  in  the  enamel,  porcelain  and  glass  industries,  but  new  uses 
have  been  found  of  late  years,  among  which  is  an  alloy  of  cobalt  and  chromium 
known  as  "  stellite,"  used  in  the  manufacture  of  cutting  tools.  The  metal  is 
also  added  to  some  high-speed  steels.  A  limited  amount  of  cobalt  plating  is 
carried  out.  The  use  of  cobalt  compounds  as  coloring  agents  is  of 
great  antiquity. 

A  large  amount  of  space  is  given  to  descriptions  of  the  alloys  of  cobalt 
with  elaborate  metallurgic  and  physical  data  according  to  the  recent  methods 
in  physical  chemistry.    The  pamphlet  is  well  printed  and  well  illustrated. 

Henry  Leffmann. 

The  Condex.sed  Che.mical  Dictio.vary.  Cf>mpiled  and  edited  by  the  Editorial 
.Staff  of  the  Chemical  Engineering  Catalog;  F.  M.  Turner,  Jr.,  Technical 
Editor;  D.  D.  Berolzheimer,  W.  P.  Cutter  and  John  Helfrich,  Assistant 
Editors.  525  pages,  8vo.  New  York,  The  Chemical  Catalog,  Inc.,  $5.00  net. 

A  very  large  amount  of  interesting  and  valuable  information  is  contained 
in  this  book.  It  is  almost  entirely  concerned  with  the  chemical  substances 
used  in  practical  work.     Terms  in  theoretical  chemistry  are  not  within   its 
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field.  Its  scope  and  method  can  be  best  set  fortli  by  a  brief  statement  of  the 
treatment  of  a  given  item.  Opening  at  random,  the  reviewer  finds  on  page  54, 
"  Alizarin."  The  word  is  starred  to  show  that  the  substance  is  now  made  in 
the  United  States.  Its  systematic  name  and  rational  formula  are  given ;  the 
color,  melting  and  boiling  points  and,  in  general  terms,  solubility  in  alcohol, 
water  and  ether.  A  brief  account  is  then  given  of  the  method  of  preparation. 
The  commercial  grades,  the  material  used  for  containers,  the  fire  hazard  and 
the  railroad  shipping  regulations  are  stated.  In  this  particular  case  we  learn 
that  there  is  no  fire  hazard  and  the  shipment  is  not  specifically  controlled. 
The  applications  of  the  "  red  "  "  yellow  "  and  "  green  "  labels  are  indicated 
whenever  necessary.  Useful  tables  of  equivalents  of  Fahrenheit  and  centi- 
grade scales,  and  of  atomic  weights  (0=  16  basis),  and  for  converting  Baume 
degrees  into  specific  gravities,  are  given;  also  several  pages  of  definitions  of 
units  in  the  several  departments  of  applied  science. 

The  make-up  of  the  book  is  excellent — good  paper,  good  type  and  printing 
and  strong  binding.  Those  engaged  in  the  preparation  of  the  text  deserve 
much  praise,  and  the  work  will  be  of  great  service  to  practical  chemists. 

As  a  second  edition  of  the  book  will  be  soon  demanded,  the  reviewer 
ventures  to  suggest  a  further  "  condensation."  Could  not  melting  and  boil- 
ing points  be  just  as  clearly  indicated  by  "  b.p."  and  "m.p."?  In  many  cases 
the  method  of  manufacture  might  be  omitted,  as  it  is  usually  too  briefly  given 
to  be  of  any  practical  value.  The  repetition  of  titles  such  as  "color,"  "fire 
hazard,"  "  railroad  shipping  regulations,"  seems  unnecessary.  As  an  illustra- 
tion of  the  reviewer's  idea  of  condensation,  the  description  of  "  Nitric  .Acid  " 
may  be  considered.  This  occupies  nearly  half  a  page.  By  condensing  such 
terms  as  "specific  gravity"  to  "  sp.  gr."  and  the  other  abbreviations  just 
mentioned  and  omitting  the  outline  of  the  processes  of  manufacture,  which  are 
much  too  briefly  described  to  be  of  any  value  to  the  practical  worker  (elaborate 
descriptions  of  such  processes  are  in  standard  works),  a  great  saving  of  space 
could  be  secured.  This  would  enable  a  much  larger  list  of  substances  to  be 
included,  and  thus  increase  the  usefulness  of  the  volume. 

It  will  be  a  great  convenience  to  works  chemists  and  commercial  analysts 
to  have  in  compact  form  and  at  a  reasonable  cost  such  a  large  amount  of 
information  on  the  properties  and  composition  of  commercial  chemicals. 

Henry  LEFFM.\>rN'. 
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Calendar  Year  1918,  comi)iled  by  .Albert  H.  Fay.  26  pages,  8vo.  Washington, 
Government  Printing  Office,  1919. 
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['.  ^.  Bureau  of  Staudwrds:  Scientific  paper  No.  341.  Airplane  Antenna 
Constants,  by  J.  M.  Cork,  assistant  physicist.  15  pages,  illustrations,  8vo. 
Washington.  Government  Printing  OtTice,  1919. 

Rt/^rcscutation  in  Industry,  by  John  D.  Rockefeller,  Jr.  Address  before 
the  War  Emergency  and  Reconstruction  Conference  of  the  Chamber  of  Com- 
merce of  the  United  States,  .Atlantic  City,  N.  J.,  December  5,  1918.  31  pages, 
i2mo.     No  place  of  publication. 


The  Piezo-electric  Effect,  a  New  Principle  for  Telephone 
Transmitters  and  Receivers.  A.  M.  Nicholson.  (Session  of  the 
.Int.  Inst.  Elcc.  Engs.,  October  10,  1919.) — When  certain  crystals 
are  compressed  in  definite  directions  a  difference  of  potential  is  de- 
veloped between  their  ends.  Conversely,  when  a  difiference  of 
potential  is  applied  to  the  same  crystals,  they  elongate  or  contract. 
Similar  effects  are  observed  when  the  crystals  are  in  a  condition 
of  torsion.  This  general  effect  gives  a  means  of  converting  me- 
chanical energy  into  electrical  energy  and  vice  versa. 

The  crystals  showing  the  above  effect  are  hemihedral  or  hemi- 
morphic.  Those  of  Rochelle  salt  are  especially  good  and  large 
specimens  can  be  grown.  Under  torsion  such  crystals  give  a 
difference  of  potential  of  as  much  as  600  volts.  Desiccated  crystals 
are  several  times  as  effective  as  freshly  prepared  ones. 

The  method  of  transmitting  sound  is  as  follows :  A  crystal 
under  torsion  that  the  motion  of  the  stylus  of  a  phonograph  varies 
the  strain  already  existing  and  hence  develops  a  difference  of 
potential  between  the  two  ends.  Two  wires  are  led  from  the 
crystal  to  a  3-stage  amplifier  to  the  other  end  of  which  is  elec- 
trically connected  a  second  crystal,  likewise  under  torsion.  The 
varyi^ig  potential  supplied  from  the  amplifier  causes  the  crystal 
to  dilate  and  to  contract.  These  motions  which  closely  follow 
the  intricate  motion  of  the  stylus  cause  air-waves.  Instead  of  the 
stylus  the  human  voice  may  be  used  directly  to  vary  the  force 
acting  on  the  transmitting  crystal. 

A  demonstration  of  this  very  significant  method  of  sound 
transmission  was  given  in  the  Bellevue-Stratford  Hotel,  Philadel- 
phia, October  10,  1919.  The  voice  of  a  man  by  "  direct  action  "  as 
well  as  instrumental  music  and  the  voice  of  Galli  Curci  from 
phonograph  records  were  well  rendered.  The  effect  was  espe- 
cially good  when  the  receiving  crystal  was  placed  on  a  bare 
wooden  table.  It  was  not  even  necessary  to  press  the  crystal 
upon  the  supporting  surface.  The  quality  of  the  sounds  pro- 
duced was  good. 

This  was  the  first  public  exhibition  of  the  new  means  of  trans- 
mission and  was  made  only  about  three  days  after  success  had 
been  attained  in  the  laboratory. 

G.  F.  S. 


CURRENT  TOPICS. 


The  Industrial  Value  of  Mosquito  Prevention. — It  seems  a 
far  cry  from  the  "  Promotion  of  the  Mechanic  Arts  "  to  the  study 
of  the  life  history  of  the  mosquito,  but  research  has  left  no  reason 
to  doubt  the  serious  injury  that  this  insect  can  and  does  do  to 
human  beings.  In  this  part  of  the  world  malaria  and  yellow  fever 
are  the  two  diseases  which  are  known  to  be  propagated  only  by 
the  direct  agency  of  this  class  of  insects.  The  former  is  now  re- 
duced to  minor  importance  by  the  thorough  measures  that  have 
been  employed  in  tropical  and  sub-troj^ical  countries,  but  malaria 
is  still  a  most  serious  cause  of  ill-health  and  consequent  loss  of 
efhciency  in  young  adults.  No  subject  is  attracting  more  atten- 
tion nowadays  than  industrial  hygiene,  which  in  its  broadest 
sense,  covers  all  phases  of  disease  and  injury  whether  directly  or 
indirectly  the  result  of  occupation. 

Sanitarians  have  leaned  to  the  view  that  mosquitoes  special- 
ize, so  to  speak,  as  disease  carriers ;  that  is,  one  species  carries 
yellow  fever  and  another  malaria.  Anopheles  piinctipcnnis  has 
been  generally  charged  with  the  conveyance  of  the  several  forms 
of  malaria,  but  evidence  has  been  adduced  that  another  species 
(A.  crucians)  can  act  as  an  infection  agent.  The  data  are  given  in 
a  bulletin  (Reprint  536  from  U.  S.  Public  Health  Service  Report) 
by  Dr.  C.  W.  Metz.  It  does  not  appear  that  this  species  is  as 
active  as  the  species  above  mentioned,  as  it  is  apparently  an  out- 
of-door  biter,  not  being  inclined  to  enter  houses  at  night.  If  its 
infecting  power  is  established  the  necessity  for  screening  of 
porches  and  outhouses  will  be  evident. 

In  this  connection,  mention  may  be  made  of  some  experiments 
carried  out  under  the  auspices  of  the  U.  S.  P.  H.  Service,  by  S.  F. 
Hildebrand,  Ichthyologist  of  the  U.  S.  P)ureau  of  Fisheries,  to 
determine  the  value  of  fishes  as  destroyers  of  mosquito  larvae. 
The  experiments  were  undertaken  in  the  extra-cantonment  zone 
of  Camp  Hancock,  Augiista,  Ga.,  as  a  hygienic  measure,  inasmuch 
as  the  district  included  a  large  number  of  shallow  collections  of 
water  which  would  serve  as  moscpiilo  breeding  grounds.  Many 
of  the  collections  were  drainable,  but  some  were  not  amenable 
to  this  treatment,  nor  to  oiling.  The  investigation  continued 
from  March,  1918,  to  November,  1918.  Several  fishes  have  been 
suggested  as  anti-mosquito  agents,  but  Hildebrand  limited  his 
work  to  the  common  top-minnow  {Gattihnsia  affhiis),  which  is  so 
well  known  and  so  much  used  as  a  bait  for  larger  lish.  Indeed, 
this  use  for  bait  was  one  of  the  interferences  with  the  work,  and 
had  to  be  formally  forbidden. 
708 
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After  giving-  an  account  of  the  physio-geographic  conditions 
of  the  region  and  the  methods  of  introducing  the  fish,  the  results 
are  stated  and  the  following  are  some  of  the  conclusions :  The 
top-minnow  is  especially  suitable  for  anti-mosquito  work,  as  it 
seeks  its  food  at  the  surface  (where  the  larvae  are),  is  very  prolific, 
giving  birth  to  well-developed  young,  and  therefore  requiring  no 
special  hatching  or  breeding  environment ;  lives  and  thrives  under 
a  wide  range  of  conditions,  most  of  which  are  especially  liable  to 
be  mosquito  breeding  grounds.  It  can  live  and  multiply  in 
ponds  containing  predacious  fishes,  if  there  is  shallow  water  into 
which  it  can  escape. 

An  interesting  experiment  occurred  accidentally.  On  March 
29,  a  pond  was  found  to  be  fairly  alive  with  mosquito  pupae  and 
lan'se,  but  fish  not  present.  Minnows  were  placed  in  the  water,  but 
all  died  in  less  than  an  hour.  The  pond  was  near  a  sulphuric  acid 
factory.  Litmus  paper  showed  strong  acid  reaction  in  the  water. 
It  appears,  therefore,  that  mosquito  larvae  can  live  in  water 
promptly  fatal  to  fish. 

Doctor  Metz  has  also  investigated  the  food  of  the  anopheles 
larvae  and  found  that  this  creature  is  practically  omnivorous,  but 
that  it  does  not  thrive  in  Avater  much  fouled  with  decomposing 
organic  matter.  This  serves  to  show  that  if  sloughs  and  stagnant 
pools  are  cleaned,  subsequent  provision  must  be  made  for  draining, 
oiling,  fish  control  or  some  other  method  of  mosquito  eradication. 

H.  L. 

Interesting  Technical  Exhibits.  {Nature,  July  10,  1919.) — Of 
especial  interest  at  the  British  Scientific  Products  Exhibition  in 
July  of  this  year  are  these :  Apparatus  for  testing  screw-thread 
gauges  by  optical  projection ;  a  30-foot  range-finder  by  which  a 
range  of  10,000  yards  can  be  signalled  to  the  gun  in  less  than  three 
seconds  with  an  error  of  twenty-one  yards ;  stages  in  the  develop- 
ment of  the  airplane,  all  of  metal ;  model  of  the  largest  armor- 
piercing  shell,  18-inch  calibre,  weighing  i^  tons.  In  connection 
with  this  exhibition  Prof.  W.  H.  Bragg  lectured  on  the  detection 
and  the  transmission  of  sounds  in  water.  A  "  hydrophone  "  was 
shown  which  has  a  diaphragm  carying  a  microphone.  On  one 
side  the  diaphragm  is  screened  against  sound  waves,  while  the 
other  side  receives  them.  The  vibrations  of  the  microphone  are 
recorded  graphically.  If  a  number  of  stations  are  equipped  with 
hydrophones  and  an  explosion  is  produced  in  the  water,  the  waves 
will  reach  the  several  stations  at  different  times,  and  from  these 
data  and  the  known  speed  of  sound  waves  in  water  the  place  of 
the  explosion  can  be  worked  out,  as  is  done  in  sound-ranging  in 
air.  The  method  has  been  applied  to  distances  as  great  as  230 
miles.   Thus  an  additional  means  of  locating  ships  has  been  devised. 

Another  lecture  at  the  exhibition  was  by  H.  E.  Armstrong  on 
"  Coal  Conservation,"  in  which  he  advocated  the  prohibition  of 
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the  use  of  raw  coal  in  order  to  substitute  the  use  of  smokeless 
fuel,  not  only  to  avoid  the  smoke  but  also  to  save  the  volatile 
products.  He  advised  the  establishment  of  large  centres  of  com- 
bustion, where  the  by-products  would  be  utilized  and  maximum 
economies  perfected.  For  domestic  heating  he  favored  an  easily 
burned  fuel  in  solid  form  rather  than  gas. 

G.  F.  S. 

Moisture  Absorption  by  Wood  Through  Varnish.  {Technical 
Notes,  Forest  Products  Laboratory,  Madison,  Wis.,  1919.) — In  ex- 
periments made  by  the  Forest  Products  Laboratory,  it  was  found 
that  varnishes  do  not  entirely  prevent  the  transmission  of  moist- 
ure into  wood,  but  merely  retard  it,  and  that  apparently  there  is  no 
difference  in  moisture  absorption  through  the  coating  due  to  the 
species  of  wood  used. 

The  panels  used  in  the  experiment  were  of  yellow  birch,  bass- 
wood,  red  gum,  African  mahogany,  white  ash,  white  pine,  Sitka 
spruce,  southern  yellow  pine,  bald  cypress,  incense  cedar,  white 
oak,  western  yellow  pine,  Port  Orford  cedar,  and  sugar  pine. 

Three  coats  of  high-grade  spar  varnish  were  applied  to  four 
panels  of  each  species.  Two  panels  of  each  species  were  brush- 
coated  and  two  were  dipped  by  a  special  dipping  machine  de- 
signed to  secure  an  even  coating.  The  panels  were  allowed  to  dry 
seventy-two  hours  between  coats  and  ten  days  after  the  final  coat 
before  they  were  given  the  moisture-resistance  test. 

The  moisture-resistance  test  consisted  in  exposing  the  panels 
for  seventeen  days  to  a  humidity  of  95-100  per  cent.,  or  in  an 
atmosphere  practically  saturated  with  moisture. 

At  the  end  of  this  test,  it  was  found  that  all  the  brush-coated 
panels  had  absorbed  between  5  and  6.5  grammes  of  moisture  per 
square  foot  of  surface,  and  the  di])ped  ])anels  between  4  and  5 
grammes.  Such  variations  in  amount  of  absorption  as  appeared 
could  easily  have  been  due  to  inequalities  in  the  apj)lication  of  the 
varnish.  It  was  quite  noticeable  that  the  dipping  process  pro- 
duced a  more  moisture-resistant  coating  than  brushing. 

The  Dye-Stuff  Problem. — In  a  bulletin  (Tariff  Information 
Scries  No.  11)  just  issued  by  the  United  States  Government,  a 
large  amount  of  interesting  information  is  given  concerning  the 
development  and  ])rescnt  condition  of  the  dye-stulT  sui)i>ly  in  this 
country.  It  is  well  known  that  for  many  years  German  dye- 
stuffs  have  been  in  control  of  the  markets  of  the  world,  and  that 
dyes  of  all  types  have  been  furnished  at  low  jjrices  and  in  abun- 
dance. Dye  manufacturing  was  carried  out  in  some  other  coun- 
tries, even  to  a  limited  extent  in  the  Ignited  States,  but  the 
procedures  were  largely  merely  "  assembling,"  that  is.  bringing 
together  the  less  complex  coal-tar  derivatives,  commonly  called 
"  intermediates,"  these  being  in   large   part   imported.     A    \  cry 
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interesting  and  highly  important  feature  of  the  synthetic  dye  in- 
dustry has  been  the  artificial  production  of  certain  important 
natural  colors,  especially  alizarin  and  indigo.  The  former  was 
originally  obtained  only  from  the  madder  plant,  but  its  chemical 
composition  and  relationshijis  were  worked  out  by  German  chem- 
ists many  years  ago,  and  the  artificial  substance  rendered  the 
cultivation  of  the  plant  unprofitable.  The  indigo  problem  was 
attacked  vigorously,  and  after  a  very  long  and  ingenious  investi- 
gation, was  finally  solved  so  that  the  natural  product  was  driven 
practically  out  of  the  market.  Indigo  is  a  typical  "  vat  "  dye,  that 
is,  the  color  as  it  exists  in  the  free  state  or  on  the  cloth  is  insolu- 
ble in  water,  but  by  reduction  it  becomes  colorless  and  soluble  and 
can  then  be  easily  impregnated  into  the  fabric,  which  by  subse- 
quent exposure  to  air.  allows  oxidation  with  the  production  of 
the  insoluble  color.  The  importance  of  this  particular  color  is 
shown  by  the  statistics  given  in  the  pamphlet  under  review.  For 
instance,  in  19 14  the  total  importations  of  indigo  (natural  and  arti- 
ficial, but  presumably  almost  entirely  the  latter)  were  8,125,211 
pounds,  of  which  almost  7,500,000  pounds  came  from  Germany. 
The  total  cost  was  $1,093,266,  which  is  about  12.5  cents  a  pound. 
In  1916,  1917  and  1918  no  importations  from  Germany  are  noted, 
but  it  is  possible  that  some  of  the  indigo  credited  to  neutral  countries 
really  came  from  German  factories.  In  191 6,  during  which  the 
United  States  was  still  neutral,  about  one  and  one-third  million 
pounds  came  from  England,  and  over  three  and  one-third  million 
from  China.  It  is  probable  that  much  of  this  from  both  countries 
was  natural  indigo,  for  the  cutting  out  of  the  German  product 
enabled  the  British-India  growers  to  resume  cultivation  of  the 
plant  at  considerable  profit.  The  burden  imposed  by  these  abnor- 
mal conditions  is  shown  by  the  fact  that  the  indigo  imported  into 
the  United  States  in  1916  (nearly  6,600,000  pounds)  cost  over  $8,- 
200.000,  about  ten  times  the  pound  price  of  the  pre-war  years. 

A  special  agent  has  just  been  sent  to  Germany  to  arrange  for 
importation  of  this  and  other  vat-dyes,  which  are  so  much  needed 
by  the  textile  interests  of  the  country.  The  production  of  arti- 
ficial indigo  is  not  a  very  difficult  or  complicated  process,  and  in 
1917  it  was  undertaken  by  an  American  firm  with  the  result  that 
nearly  three  hundred  thousand  pounds  were  produced  that  year. 
In  19 1 8  three  firms  were  engaged  in  the  work  and  the  total  product 
was  over  three  million  pounds.  It  is  stated  in  the  report 
that  at  present  the  productive  capacity  is  equal  to  the  total  im- 
portation for  the  fiscal  year  ending  June  30,  1914.  There  is,  how- 
ever, no  such  record  of  achievement  in  the  other  dyes  of  the 
indigo  class.  Alizarin  also,  and  two  alizarin  derivatives  were 
made,  but  in  amounts  much  below  the  normal  demand. 

It  is  gratifying  to  learn  that  such  progress  has  been  made  in 
the  manufacture  of  certain  important  synthetic  medicinal  sub- 
stances that  dependence  on  Germany  is  at  an  end. 
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Interesting  information  as  to  the  effect  of  the  synthetic  indigo 
on  the  production  of  the  natural  color  is  given  in  a  paper  by  Pro- 
fessor Henry  E.  Armstrong  at  a  meeting  of  one  of  the  sections 
of  the  Royal  Society  of  /\rts  (Jour.  Roy.  Soc.  Arts,  vol.  Ixvii,  p. 
446,  1919).  When  synthetic  indigo  was  first  put  on  the  market  by 
the  Germans  (1897),  the  area  occupied  by  the  indigo  culture  was 
1,688,042  acres.  Up  to  that  time  the  industry  had  been  very  pros- 
perous, but  the  synthetic  product  at  once  began  to  compete,  and  when 
the  war  broke  out  in  1914  the  acreage  had  fallen  to  150,000,  about 
one-tenth  the  original.  The  war,  of  course,  by  cutting  off  the 
opportunities  of  German  competition,  gave  a  chance  for  advance- 
ment of  the  cultivation  of  the  plant,  and  by  191 7  the  acreage  had 
increased  to  three  and  one-half  times  that  of  the  preceding  five 
years.  The  greatest  increase  was  in  Madras,  but  the  encourage- 
ment has  fallen  off  materially  with  the  cessation  of  hostilities, 
and  the  production  of  the  natural  color  is  diminishing.  In  view 
of  what  the  Americans  have  accomplished  it  is  likely  that  the 
natural  product  will  soon  cease  to  be  an  important  factor  in  the 
dye-stuff  market.  H.  L. 

An  Extension  of  Applied  Chemistry.  {Amcr.  Chcm.  Soc.  Nezvs 
Service.) — Department  stores  and  mail  order  houses  are  now  in- 
stalling chemical  laboratories  as  part  of  their  organization  and  are 
retaining  chemists  by  the  year. 

One  large  dry  goods  firm  in  a  city  of  the  Northwest  has  a  com- 
plete laboratory  in  full  view  of  customers  in  which  tests  of  all 
kinds  of  merchandise  are  conducted.  The  exact  kind  of  dye  in 
fabrics,  the  fibres  which  they  contain,  whether  cotton  or  wool  or 
silk,  or  mixtures  of  various  threads,  can  thus  be  determined  to  the 
satisfaction  of  both  merchant  and  consumer. 

By  having  the  chemist  continually  checking  up  on  qualit}-  of 
products,  large  houses  which  sell  merchandise  by  parcel  post  over 
wide  areas  can  describe  exactly  everything  cnumcralcd  in  their 
catalogues.  Thus  they  do  not  guarantee  articles  until  they  ha\c 
had  them  thoroughly  examined.  As  customers  are  so  scattered 
over  the  country,  accurate  descriptions  of  merchandise  prevent 
misunderstandings.  The  cutting  down  of  unnecessary  corre- 
spondence is  one  of  the  economies  which  has  resulted  from  taking 
in  a  chemical  partner. 

Much  as  does  big  business  make  use  of  chemistry  at  the  pres- 
ent time,  it  was  only  about  a  quarter  of  a  century  ago  that  it  even 
sensed  the  relation  of  research  to  success  in  manufacturing 
and  commerce. 


J.D.  LIPPINCOTT  COMTANY 
rlllLADEM'IIIA 


Journal 


of 

The  Franklin  Inslilule 

Devoted  to  Science  and  the  Mechanic  Arts 
Vol.  188  DECEMBER,  1919  No.  6 

SOAP  BUBBLES  OF  LONG  DURATION.* 

BY 

SIR  JAMES  DEWAR,  LL.D.,  D.Sc,  F.R.S. 

Fullerian  Professor  of  Chemistry,  Royal  Institution,  Honorary  Member  of  the  Institute, 
FrankHn  Medalist,  1919. 

Ax  investigation  of  the  properties  of  soap  bubbles  is  the  logi- 
cal outcome  of  the  experiments  on  fiat  liquid  films  described  in  the 
191 6  Friday  Evening  Discourse.  Some  fifty  years  ago  Joseph 
Plateau — Professor  of  Physics  at  Ghent — began  a  series  of  in- 
vestigations on  Surface  Tension  Phenomena,  and  for  nearly  forty 
years  carried  out  a  number  of  wonderful  investigations,  although 
practically  blind,  owing  to  an  accident  which  occurred  while  ex- 
amining the  action  of  intense  light  on  the  retina  in  the  early 
part  of  his  career.  It  is  due  to  the  fascinating  character  of  his 
pioneer  work  on  soap  bubbles  that  the  study  has  been  continued. 
Since  the  work  of  Plateau,  great  advances  have  been  made  in  the 
experimental  study  of  Surface  Tension  Phenomena  by  Dupre, 
Mensbrugghe,  Reinold  and  Riicker,  Michelson  and  his  collabo- 
rators. The  theoretical  advancement  which  science  owes  to  Wil- 
lard  Gibbs  dominates  all  modern  research  on  capillary  phenomena. 

The  fiat  films  described  last  year  were  developed  in  an  ex- 
hausted atmosphere   of   nearly  pure  water  vapor;   while   soap 

*  Communicated  by  Sir  James  Dewar.  Lecture  delivered  before  the 
Royal  Institution  and  later  to  appear  in  its  Proceedings. 

(Note. — The  Franklin  Institute  is  not  responsible  for  the  statements  and  opinions  advanced 
bjr  contributors  to  the  Journal.] 

Copyright.  1919.  by  The  Franklin  Institute. 
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bubbles  are  blown  up  with  air  in  air.  Experiments  extending 
over  a  year  have  proved  that  in  order  to  keep  soap  bubbles  for  any 
length  of  time  the  air  must  be  free  from  deteriorating  gases  and 
suspended  solid  matters.  The  presence  of  living  organisms  and 
their  spores  amongst  the  finely  divided  organic  and  inorganic 
particles  in  the  atmosphere  was  discovered  by  Pasteur.  He  puri- 
fied the  air  by  passing  it  through  a  red-hot  platinum  tube  con- 
taining platinum  gauze,  afterwards  removing  the  total  carbonic 
acid.  Later  Tyndall  used  a  concentrated  beam  of  light  to  demon- 
strate the  presence  of  floating  impurities  in  the  air,  as  a  test  of 
"optical  emptiness."  Tyndall  passed  a  parallel  l^eam  from.an 
arc  lamp  through  a  large  plano-convex  lens,  which  condenses  the 
light  into  a  cone,  at  the  apex  of  which  the  intensity  of  the  illumi- 
nation causes  the  floating  matter  in  the  air  to  be  easily  recognized. 
If  a  Bunsen  or  hydrogen  flame  is  placed  below  the  focus,  the 
reflected  light  gradually  disappears  as  the  floating  material,  being 
largely  organic,  is  burnt  and  passes  into  the  gaseous  state.  An- 
other method  used  by  Tyndall  to  obtain  a  dust-free  space  was  by 
smearing  the  interior  surface  of  a  glass  box  wMth  glycerine,  closing 
and  allowing  it  to  stand  for  a  few  days,  when  the  dust  settled, 
adhering  to  the  glycerine.  On  applying  the  light  beam  test,  the 
box  was  found  to  be  what  Tyndall  termed  "  optically  empty." 
Aitken  has  devised  an  apparatus  for  counting  the  particles  in  the 
air,  suggested  by  experiments  on  cloud  condensation  due  to  the 
cold  produced  by  sudden  expansion  of  air  saturated  with  water 
vajjor.  Very  briefly  his  method  is  to  make  these  solid  particles 
the  nuclei  of  small  raindrops,  which  can  then  be  counted.  Ordi- 
nary London  air  contains  about  100,000  suspended  particles, 
organic  and  inorganic,  per  cubic  centimetre.  The  particles  get 
coated  wMth  all  kinds  of  adherent  organic  matter  which,  coming 
in  contact  with  the  bubble,  afi^ects  its  surface  tensi(Mi  locally, 
thereby  inducing  instability. 

When  bubbles  blown  with  pure  air  were  formed  in  vessels 
clo.sed  to  prevent  communication  with  the  outside  air,  it  was  soon 
recognized  that,  when  the  interior  of  the  vessel  had  become  free 
from  su.spended  matter  by  long  standing  and  deposition  on  the 
walls  the  surface  of  which  was  coated  with  glycerine  soap  solu- 
tion, the  bubbles  lasted  much  l(Miger. 

The  methods  of  purificaticm  cm!-)loved  for  the  nuri)osc  of  ob- 
taining long-lived  soap  1>ub1)1cs  were  (\)  simple  displacement  by 
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purified  air:  (2)  deposition  of  the  solid  material  by  electrical 
discharge  in  the  space  to  be  utilized.  To  demonstrate  the  two 
methods,  domed  glass  shades  about  2  feet  high  were  used,  each 
with  a  black  wood  base,"  in  which  was  a  circular  glass  window. 
A  concentrated  beam  of  light  from  an  arc  lamp  was  reflected  up 
through  the  window,  thus  stronsflv  illuminating  the  solid  im- 
purities in  the  air-space  enclosed  by  the  shade.  Highly  com- 
pressed air  from  an  ordinary  steel  bottle,  purified  by  passing  it 

Fig.  I. 


--A 


-  0 


through  three  small  glass  towers  containing,  respectively,  soda, 
lime,  and  cotton-wool  damped  with  glycerine,  was  introduced  in 
the  bottom  of  the  shade  through  holes  in  a  circle  of  lead  pipe 
secured  on  its  wooden  base.  In  about  a  minute  the  beam  disap- 
peared as  the  impure  air  was  swept  out  through  a  small  hole  in 
the  top  of  the  shade.  To  show  the  electrical  method  of  purifica- 
tion a  similarly  fitted  shade  had  an  insulated  steel  point  hung 
within  it  from  the  centre  of  the  dome.  This  was  connected  to 
one  pole  of  a  Wimshurst  machine,  while  the  other  was  earthed 
along  with  the  lead  pipe  described  above.  Within  two  minutes  of 
starting  the  point-discharge  the  illuminated  cloud  had  practically 


7i6  Sir  James  Dewar.  [J- F.I. 

disappeared.  When  this  treatment  was  appHed  to  a  vessel  con- 
taining soap  solution,  a  heavy  mist  of  large  floating  water  particles 
first  appeared,  of  some  persistence. 

BUBBLES   FROM   THE    EVAPORATION   OF   LIQUID   AIR. 

The  evaporation  of  liquid  air  readily  affords  a  supply  of  pure 
mixed  oxygen  and  nitrogen.  Apparatus  for  this  purpose  is  shown 
in  Fig.  I.  The  liquid  air  is  contained  in  a  tube.  A,  which  is  fitted 
by  a  ground  cap  to  the  delivery  tube,  B,  and  placed  in  a  vacuum 
vessel,  D,  to  control  heat  influx.  At  B  one  branch  tube  leads  to 
the  thistle-shaped  funnel  from  which  the  bubble  is  to  l^e  sus- 
pended, while  another  branch  leads  to  the  stop-cock,  C,  by  means 
of  which  the  admission  of  air  into  the  bubble  can  Ije  regulated. 
The  cavity  above  the  ground  cap,  and  the  horizontal  tube  leading 
to  the  bubble  are  packed  with  copper-wire  gauze  in  order  to  warm 
the  air  evaporated.  The  soap  solution  is  supplied  to  the  mouth 
of  the  thistle-shaped  funnel  in  the  usual  way :  or  otherwise,  by 
having  a  constriction  in  the  tube  above  the  thistle.-shaped  funnel, 
together  with  a  stoppered  dropping  funnel.  It  is  thus  possible  to 
fill  the  constriction  with  soap  solution,  and  develop  bubbles  singly 
or  in  succesion,  as  desired. 

APPARATUS   FOR   THE   PRODUCTION   OF   BUBBLES   UNDER   VARIOUS 

PRESSURES. 

The  apparatus  (Fig.  2)  is  a  spherical  glass  flask.  A,  of  2^ 
litres  capacity,  fitted  with  an  india-rubber  cork  which  has  been 
previously  cut  and  steamed  in  order  to  remove  volatile  organic 
matter.  The  tube,  B,  leads  from  the  vessel,  A,io^  mercury  U-tube 
manometer,  and  to  the  stop-cock  to  which  the  air-pump  is  at- 
tached ;  while  another  tube  carries  at  its  lower  end  the  constric- 
tion, C,  and  the  funnel  on  which  the  bubl)le  is  to  l>e  formed,  and 
at  the  upper  end  the  small  reservoir,  G,  of  soap  solution.  Air 
passing  through  the  purifying  bulbs,  F,  is  admitted  by  the  regu- 
lating stoi)-cock,  1),  through  the  reservoir,  G,  to  the  funnel-mouth, 
C.  A  capillary  tul)e  Ijetween  1)  and  (/  assists  in  the  control  of 
air  when  the  pressure  in  .  /  is  very  small,  liy  slightly  tilting  a 
few  drops  of  the  solution  in  (/  down  the  tube  to  C,  bubbles  are 
easily  blown  within  the  flask,  A,  even  at  a  pressure  less  than 
I  mm.  \\^.  At  this  pressure  the  contraction  of  the  bubble  pro- 
ceeded visibly,  and  was  accelerated  as  the  diameter  was  reduced. 
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In  Fig.  3  various  forms  of  bubble-support  tubes  are  shown, 
convenient  for  different  purposes:  (a)  permits  the  insertion  of 
a  long  fine  tube  or  rod  into  the  bubble;  (b)  allows  the  apparatus 
to  be  inverted,  without  loss  of  soap  solution,  so  as  to  have  the 
bubble  supported   from  below;    (c)    j)ermits  the   formation   of 

Fig.  2. 


bubbles  in  otherwise  inaccessible  places  (this  form  has  a  drop- 
ping funnel  and  stopt-cock  attachment  to  the  reservoir)  ;  (d)  is 
useful  for  forming  a  succession  of  bubbles  (by  a  series  of  slight 
regulated  jerks  of  the  reservoir,  a  series  of  films  form  in  its  exit- 
tube,  which  pass  down  to  the  thistle-shaped  funnel,  and  there 
produce  a  chain  of  bubbles). 

An  ordinary  tubulated  aspirator,  of  about  12  litres  capacity,  is 
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very  convenient  for  the  study  of  bubbles  up  to  nearly  20  cm. 
in  diameter.  For  careful  measurements  a  plane-sided  vessel  is 
necessar}-  to  prevent  optical  distortion.  For  this  purpose  a  metal- 
framed  plate-g^lass  box,  i  foot  length  of  side,  was  used.  The  sheet 
of  glass  forming  the  top  was  nearly  6  mm.  thick ;  it  was  pierced 
with  three  or  four  holes  from  Yz  cm.  to  3  cm.  diameter,  besides 
the  central  hole.  3  cm.  in  diameter,  for  supporting  the  blowing 
tube.  These  extra  holes  allow  the  admission  of  flexible  glass 
supporting  rings,  or  draining  points,  where  necessary.  Thus,  by 
means  of  the  dropper  (Fig.  3a),  a  fine  glass  thread  or  wire  can 
\yt  passed  down  through  the  bubble,  so  that  the  drop  is  removed 
and  the  distortion  observed.  Similarly,  through  one  of  the  open- 
ings in  the  lid  of  the  cubical  glass  chamber,  a  thin  glass  rod  with 
an  up-turned  end,  approaching  the  bubble  from  below,  can  be 
employed  to  drain  off  any  excess  of  liquid,  and  thereafter  to 
determine  the  changes  effected  in  the  vertical  and  horizon- 
tal diameters. 

DISTORTION    OF    BUBBLES,    HANGING    OR    SUPPORTED. 

The  following  instances  show  the  amount  of  distortion  or 
ellipticity.  present  in  hanging  bubbles,  under  different  conditions: 

A  bubble,  19.  i  cm.  vertical  diameter,  17.8  cm.  horizontal 
diameter  (ellipticity  7  per  cent.),  when  freshly  blown  from 
solution  of  5  per  cent,  potassium  oleate,  50  per  cent,  glycerine, 
was  only  feebly  colored,  and  therefore  fairly  thick.  On  the  fourth 
day  its  vertical  diameter  was  18. i  cm.,  and  on  the  fifth  day  17.7 
cm.,  1)eing  then  sufficiently  thinned  to  be  well  colored. 

A  bubble  of  5  per  cent,  anmionium  oleate  in  50  per  cent, 
glycerine,  measuring  17.25  cm.  vertically  and  16.2  cm.  horizon- 
tally (ellipticity  6  per  cent.)  was  at  first  only  feebly  colored  in  the 
lower  one-fourth.  By  the  third  day  the  vertical  diameter  was 
reduced  to  16.6  cm.  from  the  reduction  of  mass,  shown  by  an 
intensification  of  the  coloring.  A  bubble  of  this  composition 
exposed  to  water  vapor,  by  running  water  into  the  containing 
vessel,  will  condense  and  absorb  the  water  vapor  and  become 
thickened  again  for  a  time.  Such  a  bubble  of  30  cm.  vertical 
diameter  was  dragged. down  by  the  water  it  absorbed  in  one  day 
to  31.8  cm.,  an  elongation  of  6  per  cent. 

A  bubble,  11.2  cm.  diameter,  with  the  upper  half  black  and 
lower  half  colored,  was  reduced  to  10  cm.  diameter,  when  entirely 
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black,  by  drainage — i.'e.,  a  distortion  of  12  per  cent,  vertically  was 
caused  by  the  lower  half  of  a  thin  black  bubble  thickening  to  show 
color  by  adding  a  few  drops  of  soap  solution. 

If  instead  of  the  bubble  being  supported  from  above  it  rests  on 
a  suitable  light  ring  support,  it  will  obviously  decrease  in  vertical 
diameter  when  it  becomes  thickened  and  weighted.  This  was  fre- 
quently observed  with  bubbles  of  about  40  cm.  diameter,  resting 
on  a  10  to  i2-cm.  ring  of  thin  iron  wire. 

With  a  water  layer  in  the  globe,  considerable  variations  were 
noted  from  day  to  day,  e.g. — 

Thus,  a  bubble  colored  green  and  carmine,  very  brilliant  but 
fairly  thick,  42.6  cm.  diameter,  thinned  to  half  black  and  half 
silvery  (next  thicker  color  to  black),  43.6  cm.  diameter. 

Another  bubble  colored  amber  to  purple,  near  lower  limit  of 
thickness  to  show  color,  22.7  cm.  diameter,  thinned  to  all  black 
(thinnest  possible),  23  cm.  diameter. 

A  colored  bubble  43.3  cm.  diameter,  thickened  in  15  minutes 
by  condensation  to  42.7  cm.  diameter. 

Bubbles  of  such  a  size  flattened  down  on  their  supporting  rings 
as  they  became  thicker  and  heavier,  and  could  be  seen  hanging 
over  the  ring-support  from  this  cause. 

A  bubble  39  cm.  diameter,  hanging  from  a  4-cm.  glass  funnel 
support,  thinned  to  over  70  per  cent,  black  on  its  second  day,  and 
increased  until  its  63rd  day,  when  it  burst,  80  per  cent,  black. 
On  five  occasions  a  slowly  accumulated  drop  was  observed  to  fall 
oflf — namely,  on  the  6th,  loth,  20th,  27th,  and  52nd  days  re- 
spectively. The  alterations  in  diameter  which  thereupon  resulted 
were  as  follows : 

With   drop    39-0        39-05        38-95        38-45        37-8o  cm. 

Drop   fallen    38.5        38-55        38.40        37-90        36-95  cm. 

Alteration    0^5  050  0.55  0.55  o.Sscm. 

This  bubble  was  blown  from  a  solution  containing  10  per  cent, 
ammonium  oleate  and  50  per  cent,  of  glycerine. 

A  bubble  of  similar  size,  but  resting  on  a  ring,  varied  in 
vertical  diameter  as  follows: 

42.6  cm.  wlu'ii  fairly  thick,  at  first. 

43.5  cm.  15th  (lay. 

43.0  cm.  i6th  clay,  orange  to  amber. 
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43.3  cm.  17th  day.  80  per  cent,  black. 

43.0  cm.  i8th  day.  four-hfths  deep  orange,  one-fifth  purple; 

thus  rising  higher  on  its  ring-support  as  it  became  thinner. 

The  maxinnini  amount  of  distortion  by  loading  which  a  bubble 
of  this  size  can  maintain  was  observed  in  one  case  by  expanding 
the  bubble  until  the  distortion  at  the  rim-support,  4  cm.  in  diam- 
eter, showed  that  it  was  nearly  l^eing  dragged  off.  The  dimen- 
sions were  then  45.4  cm.  vertically  and  40.1  cm.  horizontally 
(ellipticity  11.7  per  cent.).  The  diminution  in  vertical  diameter 
by  the  release  of  a  single  drop  was  2.1  cm.,  showing  the  near  ap- 
proach to  instability.  After  fourteen  days  the  drainage  reduced 
the  loading  of  the  bubble  so  that  the  vertical  diameter  became 
substantially  constant,  as  shown  by  the  following  records : 

Day    7th  14th  21st. 

Diameter   44.3  41.6  41.8 

After  this  date  the  bubble  remained  colored  in  the  lower  three- 
fourths  of  its  area.  In  this  condition  the  distortion  caused  by  one 
drop  was  approximately  i  cm.  The  persistence  of  the  colored 
stage  could  be  maintained  by  a  very  minute  continuous  leak  of 
solution  from  the  reservoir  into  the  supporting  nozzle.  When  the 
soap  solution  supply  was  stopped,  the  development  continued  to 
the  black  state.  When  compiletely  black  the  whole  mass,  in  a 
bubble  40  cm.  in  diameter,  is  of  the  order  of  50  mgms.,  so  that  the 
bubbles  are  verj-  susceptible  to  disturbance  from  shock  to  the 
containing  vessel.  Local  or  sudden  changes  of  temperature  must 
also  be  avoided,  as  strong  convection  currents  are  thereby  set  up. 
Such  currents  become  evident  by  innumerable  silvery  discs  (see 
p.  738)  streaming  continuously  in  many  directions  over  the  black 
film.  The  thicker  silvery  discs  floating  for  a  time  on  a  thinner 
black  film  represent  excess  of  liquid  drawn  in  either  from  the  drop 
below  or  the  ring  of  liquid,  at  the  contact  of  the  bubble  with  the 
supporting  nozzle.  By  the  use  of  closed  vessels  the  nozzle  is  kept 
constantly  moist,  and  this  is  probably  a  factor  in  the  preservation 
of  black  bubbles. 

DURATION    OF    LIFE    OF    VARIOUS    BUBBLES. 

The  records  of  a  large  number  of  bubbles,  up  to  46  cm.  in 
diameter,  have  been  preserved.  vSome  extracts  are  condensed  in 
the  following  summary : 
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Table  I. 
Lives  of  I'arious  Bubbles. 


Three,  16-18  cm.,  50  per  cent,  glycerine,  5  per  cent,  soap,  water  in 

vessel ;  temperature  io°-2o°  C 28-42  days. 

One,   14  cm.,   50  per  cent,  glycerine,   14  per  cent   soap,   water   in 

vessel ;  half  black  at  end ;  temperature  4°-i  i  °  C 98  days. 

One,  20  cm.,  50  per  cent,  glycerine,  5  per  cent,  soap ;  temperature 

9°-i  I  °  C. ;  over  60  per  cent,  black  at  end 95  days. 

One,  12  cm.,  30  per  cent,  glycerine,  3  per  cent,  soap;  temperature 

io°-20°   C 30  days. 

Black  horizontal  film,  so  cm.  diam.,  50  per  cent,  glycerine,  5  per 

cent,  soap ;  temperature  4°-20°  C over  i  year. 

*  Note:    A  hanging  bubble  blown  and  kept  in  air  saturated  with  water  vapor,  of  a  capacity 
of  4.5  litres,  took  322  days  to  completely  collapse  from  air  transfusion. 

Table  II. 
Life  of  Successive  Bubbles.    40  cm.  Bubbles  on  Ring. 


ist  200-litre  vessel 


1st  bubble  (vessel  dry)   3  days 

2d  bubble  (water  in  vessel)  .  .  7  days 

3d  bubble  (water  in  vessel)..  10  days 

\i\\  bubble  (water  in  vessel)  .  24  days 
5th  bubble   (water  in  vessel, 

vibration)     19  days 

6th  bubble  (water  in  vessel) .  55  days 
7t]i  bubble    (water  in  vessel, 

out  in  yard,  frosty  at  end)  31  days 


2nd  200-litre  vessel 


1st,  5  days 

2d,  few  hours  (ring  rusty) 

3d,  3  days 

4th,  18  days 

5th,  II  days  (hot  weather,  etc.) 

6th,  63  days  (hanging  on  4  cm.  sup- 
port) 

7th,  42  days  (globe  became  contami- 
nated) 


The  first  item  of  Table  I  includes  the  first  bubble  (50  per  cent, 
glycerine,  5  per  cent,  ammonium  oleate),  which  kept  its  color 
instead  of  developing  to  blackness.  This  was  caused  by  moisture 
left  after  cleaning  the  5-litre  bottle  in  which  it  was  blown;  no 
more  moisture  than  enough  to  give  a  bedewed  appearance  was 
left,  but  this  distilled  to  different  parts  of  the  vessel,  as  the  local 
temperature  altered,  and  resulted  in  a  movement  of  water  vapor 
sufficient  to  keep  the  absorbent  bubble  thick  enough  to  show  colors. 

Sharply  marked  zones  of  different  colors  are  a  feature  of  such 
bubbles.  For  this  an  undisturbed  atm<^sj)hcre  is  neccs.sary ;  other- 
wise convection  currents  in  the  bubble  will,  by  continual  mixing, 
prevent  the  quiet  development  of  separate  color  zones.  The  tem- 
perature alterations  must,  therefore.  Ix^  small.  From  the  records 
of  one  bubble  the  following  appearances  were  noted  : 
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On  the  15th  day.  jo  cm.  in  diameter:  sharp  boundary  line 
at  "  60"^  X.  Lat."'  between  steel-blue  above  and  greenish-yellow 
below :  similar  boundary  between  blue-green  and  blue-purple  at 
"  50^  S.  Lat."    Large  drop  on  bubble. 

On  the  1 8th  day.  Diameter,  19.4  cm.:  three  sharp  line 
boundaries :  green  to  purple  at  "  30°  N."  :  dark  green  to  light 
green  at  "  70^  S.'" :  light  green  to  thin  magenta  at  "  80°  S."  : 
intense  green  disc  at  lowest  part.    Drop  fallen  off. 

On  the  24th  day.  Main  area  of  bubble  fairly  uniform  red- 
purple:  boundar}'  at  "  75°  N."  to  pale  green  above,  and  to  deep 
green  below  at  "  60°  S."  Graded  Newton's  rings  of  mauve  and 
green  below  this. 

The  life  of  the  bubble  shown  in  the  second  item  of  Table  I 
was  double  that  of  those  in  the  first  item,  namely,  98  days  instead 
of  about  40  days.  The  solution  used  had  10  per  cent,  of  am- 
monium oleate  instead  of  5  per  cent,  as  before.  This  factor, 
however,  had  less  influence  than  the  generally  lower  temperature 
of  under  11°  C.  instead  of  up  to  20°  C.  as  before.  Between  the 
75th  and  95th  days  there  was  a  contraction  from  11.4  cm.  diam- 
eter to  10.4  cm.,  while  still  remaining  colored.  By  the  95th  day 
the  bubble  had  become  too  dilute  to  maintain  any  color,  and  ac- 
cordingly developed  to  the  thinnest  or  "  black "  stage  in  the 
upper  half.  On  the  night  of  the  98th  day  the  temperature  of  the 
Laboratory  fell  to  near  freezing  point,  and  the  bubble  did  not 
survive  this  change. 

The  next  item  refers  to  a  bubble  of  5  per  cent,  potassium 
oleate  in  50  per  cent,  glycerine.  The  12-litre  aspirator  in  which 
it  was  blown  was  well  dried,  and,  further,  was  placed  in  a  vault 
where  only  slow  and  small  temperature  variation  occurs.  In 
three  months  the  variation  was  from  9°  C.  to  11°  C.  This  solu- 
tion was  chosen  because  of  its  property  of  giving  extremely  slow 
development  to  the  "  black  "  stage.  The  result  was  that  in  95 
days  the  zone  of  black  had  only  extended  down  to  "  25°  S.  Lat.," 
the  remainder  being  so  thick  as  only  to  be  feebly  colored  with  faint 
pink-and-green  rings,  probably  up  to  a  hundred  times  the  thick- 
ness of  the  black  supporting  zone  above.  The  final  collapse  may 
have  been  associated  with  this  condition ;  moreover,  the  potash 
soap  is  very  sensitive  to  slight  alkalinity  of  the  glass — no  other 
disturbing  cause  was  observed. 

Table  II  shows  the  lives  of  two  sets  of  large  bubbles  under 
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similar  conditions,  in  two  vessels  of  200-litre  capacity  (Fig  4). 
These  vessels  were  cylindrical  glass  globes,  used  in  the  Labora- 
tory twenty-five  years  ago  in  the  production  of  liquid  ethylene. 
They  had  short  necks,  14  cm.  diameter,  which  were  fitted  with 
good,  cleansed  india-rubber  corks  to  carry  the  blowing  tubes,  vent 
tubes,  etc.     An  oxidized  steel  wire  ring  was  used  to  support  the 

Fig.  4. 


majority  of  the  bubbles.  These  rings  were  about  12  cm.  diam- 
eter, and  were  raised,  by  three  supports  of  the  same  oxidized 
wire,  to  about  25  cm.  above  the  bottom  of  the  globe.  In)r  bubbles 
so  su])|)ortc(l  the  blowing  tube  was  less  than  i  cm.  diameter;  it 
had  a  constriction  of  aliout  1  mm.  bore,  a  few  centimetres  above 
the  l(jwer  end.  A  few  drops  of  li([uid  from  the  reservoir  above 
were  decanted  down  to  fill  the  constriction  for  the  purpose  of 
.starting  the  bubble.  The  reservoir  is  .shut  ofT  by  a  stop-cock  from 
the  blowing  tube,  as  it  is  not  advantageous  for  the  soap  solution 
to  be  exposed  to  the  current  of  air  used  in  expanding  the  bubble : 
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a  side  tube  is  sealed  in  for  the  air  inlet.  The  blowing  tube 
is  mounted,  so  that  it  can  slide  up  and  down  while  remaining  air- 
tight. A  few  small  bubbles  are  first  blown  and  run  round  the 
supporting  ring  to  wet  it.  A  bubble  is  then  blown  to  about  4  cm. 
greater  diameter  than  the  ring,  while  resting  on  one  side  of  it. 
This  is  done  by  holding  the  end  of  the  blowing  tube  sufficiently 
out  of  the  centre,  and  steadily  raising  it  until  the  bubble  is  about 
15  cm.  diameter,  when  it  is  allowed  to  come  into  full  contact  with 
the  whole  ring,  and  the  expansion  is  continued  until  the  requisite 
diameter  of  alx)ut  40  cm.  is  reached.  Meanwhile,  the  blowing 
tube  is  continually  raised  through  its  sliding  support  tube  in  the 
india-rubber  cork,  and  finally  withdrawn  by  a  to-and-fro  spiral 
movement  upwards.  In  one  case  when  the  bubble  became  free 
from  the  tube,  a  complex  up-and-down  oscillation  took  place  in  a 
period  of  about  two  seconds,  and  with  an  initial  amplitude  ap- 
proaching 3  cm.  at  the  upper  periphery.  By  leaving  the  blowing 
tube  in  the  bubble  the  advantage  of  an  added  steady  support  is 
secured;  this  is  unsatisfactory  when  measures  of  contraction  are 
being  made,  but  it  certainly  helps  to  prevent  undue  disturbance, 
especially  in  the  early  stages,  when  the  bubble  is  liable  to  be  thick 
and  somewhat  top-heavy  on  the  10  cm.  ring. 

It  can  be  seen  fromTable  II  that  there  is  a  general  increase  in 
length  of  life  of  the  successive  bubbles  in  both  the  first  and  sec- 
ond vessels.  The  last  items,  in  both  cases,  show  a  shorter  life; 
this,  however,  was  due  in  one  case  to  the  vessel  being  in  the  open 
air  in  winter,  whereby  its  temperature  at  the  end  went  below 
freezing  point ;  and  in  the  second  case,  to  the  globe  becoming  con- 
taminated, from  the  displacement  of  a  badly  fitting  tube.  The 
irregularity  between  the  fourth  and  fifth  items  was  explained  by 
the  hot  weather  (temperature  over  20°  C). 

The  maintenance  of  color  in  such  large  bubbles  was  not  easy. 
For  this  purpose  a  good  circulation  of  water  vapor  in  the  vessel 
seems  desirable,  as  the  mere  presence  of  a  litre  or  two  of  water  in 
it  was  not  entirely  effective.  A  wet  cloth  placed  on  the  upper  part 
of  the  vessel  (seen  in  Fig.  4)  by  its  own  evaporation  maintained 
a  slightly  cooler  area,  thus  promoting  the  condensation  there  of 
drops  of  water.  A  flow  of  water  vapor  up  through  the  vessel 
was  thus  obtained,  which  being  partly  absorbed  by  the  glycerine 
in  the  bubble  did  for  a  time  maintain,  and  even  increase,  its  thick- 
ness and  color.    In  the  later  stages  also,  when  the  bubble  material 
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has  thus  become  altered  in  the  relative  proportions  of  its  con- 
stituents, vaporization  from  the  bubble  may  take  place,  and  then 
the  opposite  effect  is  observed ;  distillation  causing  the  thickness 
to  decrease,  so  that  two  or  three  colors  are  passed  through  in  as 
many  hours.  A  few  degrees  rise  of  room  temperature  causes 
the  same  change,  especially  in  diluted  bubbles.  The  lowering  of 
the  temperature  will  then  reverse  the  effect  and  the  bubble  is  seen 
to  thicken.  The  ordinary  variations  from  night  to  day  are  suf- 
ficient to  cause  many  such  repetitions  in  the  same  bubble.  Thus, 
w'hen  it  was  thought  to  increase  the  proportion  of  water  vapor  by 
warming  the  water  in  the  vessel,  and  thereby  increasing  the  thick- 
ness by  a  greater  absorption,  the  rise  of  temperature  counteracted 
any  increased  absorption;  and  once  more  the  bubble  became 
thinner.  The  removal  of  the  wet  cloth  allows  the  condensed  water 
to  distil  off  more  vapor,  which  is  often  sufficient  to  thicken  the 
bubble.  This  is  best  seen  when  a  good  condensed  deposit  is 
accumulated  l^efore  blowing  the  bubble,  as  was  done  in  one  case 
(see  fifth  bubble,  first  vessel)  by  the  application  of  bags  of  ice. 
The  bubble,  which  was  then  blown,  remained  almost  entirely 
colored  throughout  its  life.  A  small  zone  of  black  came  and  went, 
and  the  thickness  was  reduced  once  or  twice  by  a  damp  cloth. 
The  weather  was  rather  warm  at  first,  but  became  more  tem- 
perate (the  time  was  August).  Finally,  the  bubble  was  very  much 
thickened,  and  probably  burst  from  this  cause ;  for  as  the  bubble 
l)ecame  thick,  it  overhung  the  ring  unsymmetrically,  and  most 
probably  became  lopsided  enough  to  swing  round  and  touch  the 
vessel.  The  supporting  ring  was  seen  to  be  slightly  out  of  the 
horizontal,  and  in  vibration  due  to  the  working  machinery  in  the 
room  below. 

The  fourth  bubble  in  the  second  vessel :  during  the  first  week 
untouched;  maintained  green  and  pink  color;  thick  and  over- 
hanging the  ring;  then  frequently  treated  by  damp  cloth  above, 
thinned  while  cloth  was  on  and  thickened  when  cloth  was  re- 
moved ;  at  third  operation,  bubble  half  black ;  next  time,  the  water 
l)elow  was  warmed  by  the  arc  lamp  Ix^am :  result,  85  per  cent, 
black  obtained. 

The  fifth  bubble  in  the  second  vessel  lasted  eleven  days  only; 
short  life  in  the  hot  weather;  disturbed  at  the  end  by  damp  cloth, 
also  l)y  vibration  ;  thinned  to  silver  and  black ;  first  three  day.s 
thickened  rapidly  by  absorption  from  the  deposit  of  wMter ;  im- 
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mediately  after  being  blown  sagged  over  ring;  then  steadily 
thinned  through  several  beautiful  grades,  until  on  the  fifth  day 
at  19^  J  ^  C.  it  was  amber  and  purple,  with  silver  above.  Damp 
cloth  then  put  on ;  the  silver  extended  all  over,  followed  by  a  fairly 
uniform  development  of  black.  Two  grades  of  black  were  noted — 
the  deepest  black  being  only  a  zone  of  a  few  centimetres  at  the 
top.  The  top  of  the  bubble  was  approximately  i  cm.  higher  when 
black  than  when  thick  and  heavy. 

The  sixth  bubble  in  the  first  vessel  went  quickly  black  in  two 
days  (possiblv  from  an  unusual  excess  of  ammonia  in  the  soap 
solution) .  and  remained  so  until  the  end  of  the  first  week.  It  then 
thickened  to  various  colors  for  four  weeks,  and  once  again  went 

Fig.  s. 


10  20  30  ^0  DAYS 

Absorption  of  water  vapor  by  a  40  cm.  bubble.     Rate  of  fall  of  drops. 

quickly  black.  This  condition  remained  for  three  weeks,  during 
which  time  a  steady  diminution  of  diameter  was  measured.  The 
blowing-tube  having  been  left  attached  to  the  bubble,  the  contrac- 
tion had  by  time  narrowed  down  the  upper  part  of  the  bubble  till 
it  became  a  neck.  When  this  divided,  the  disturbance  was  prob- 
ably more  than  the  very  dilute  and  very  thin  film  could  survive, 
for  the  next  morning  it  had  gone. 

The  seventh  bubble  in  the  second  vessel  was  suspended  from 
a  4-cm.  nozzle ;  it  lasted  from  October  27th  to  December  gth. 
The  temperature  fell  from  15°  C.  at  first  to  below  10°  C.  after 
the  first  week.  The  bubble  burst  after  a  sudden  rise  of  tempera- 
ture from  6'^  to  over  g°,  accompanied  by  a  considerable  fluc- 
tuating fall  in  the  barometer,  when  it  was  found,  by  the  optical 
test,  that  the  air  in  the  globe  had  become  contaminated.  This 
bubble  afforded  an  opportunity  for  observing  the  rate  of  fall  of 
condensation  drops.  Excluding  the  preliminary  drainage,  the  re- 
sults are  shown  in  the  annexed  diagram  (Fig.  5). 
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GAS  TRANSFERENCE  THROUGH  BUBBLES  AT  ATMOSPHERIC  PRESSURE. 

Long-lived  bubbles  regularly  diminish  in  diameter,  and  most 
rapidly  when  thinned  to  "  black."  The  contained  air  or  other  gas 
is  at  a  somewhat  higher  pressure  than  the  atmosphere  in  which 
the  bubble  stands,  and  therefore  tends  to  pass  out ;  with  the  result 
that  there  is  a  continual  diminution  in  size.  With  black  bubbles 
up  to  about  15  cm.  the  change  becomes  very  evident  in  about  a 
week.  Using  a  cathetometer,  the  contraction  can  be  observed 
accurately  from  day  to  day.     The  subjoined  diagram   (Fig.  6) 

Fig.  6. 


10  cms 


0         3  6         9         12         15        18        21        24  DAYS 

Black  bubble  in  hydrogen.     Deciease  in  size  at  3-<Jay  inteivuls. 

shows  the  contraction,  measured  every  third  day,  of  a  black 
bubble  in  hydrogen.  From  an  initial  diameter  of  approximately 
II  cm.,  by  the  twenty-third  day  it  had  comjjletely  contracted.  It 
will  be  noticed  that  the  rate  of  contraction  was  accelerated  as  the 
diameter  decreased. 

The  gradational  diminution  in  diameter  of  black  bubbles  made 
from  soap  solutions  of  dififerent  compositions,  and  with  diameters 
up  to  46  cm.,  was  periodically  measured  with  the  cathetometer. 

The  rate  of  gas  transference  from  within  the  bubble  outwards 
at  any  time  can  be  olitained  directly  from  the  mean  daily  reduc- 
tion in  diameter  at  that  time,  and  is  readily  measured  by  dy/dx, 
the  slope  of  the  tangent  drawn  at  the  desired  i)oint  of  the  con- 
traction curve.  The  amount  of  the  gas  transference,  in  cubic 
centimetres  per  day  through  unit  area,  is  then  e(|ual  to  one-half 
of  the  daily  rate  of  reduction  in  diameter,  measured  in  centimetres. 

This  follows  directly  from  the  sini])1e  properties  of  a  sphere; 
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lor  if  .S"  and  J'  Ix^  respectively  the  surface  and  volume,  and  D  the 
diameter,  then  6'  =  7r/)-.  and  J'='^D'\  so  that  dJ'  ='^D-.dD 
=  YiS.dD,  therefore  dJ'/S,  the  rate  of  gas  transference  per  unit 
surface.  =  Yi-dD.  which  is  half  dy/dx,  the  daily  rate  of  reduction 
in  diameter  shown  by  the  slope  of  the  tangent  already  referred  to. 
Some  of  the  results  obtained  are  shown  in  the  following  Tables 
III,  IV.  V,  and  VI,  in  which  are  given  respectively  ( i )  the  diam- 
eter of  the  bubble  on  which  the  measures  were  made;  (2)  the 
corresponding  internal  excess  pressure,  above  the  exterior  air 
pressure,  given  in  mm.  water;  and  (3)  the  measured  value  of 
dD/2,  representing,  as  shown  alx)ve,  the  rate  of  gas  transference 
in  cubic  centimetres  per  day  passing  out  through  each  square 
centimetre  of  the  bubble  when  at  the  diameter  given  in  line  (i). 

Gas  Transference  Through  Black  Air  Bubbles. 

Table  III. 

Fifty  Per  Cent.  Glycerine,  2}4  Per  Cent.  Soap;  Hanging  on  Glass  Tube. 


Diameter 

Internal  pressure 

Gas  transference  rate 

6 

0.30 

0.065 

7 

0.26 

0.035 

8 

0.23 

0.030 

Table  IV. 

Twenty-five  Per  Cent.  Glycerine,  4  Per  Cent.  Alcohol,  5 

Per  Cent.  Soap;  Hanging  on  Glass  Tube. 


Diameter 

Internal  pressure 

Rate 

10 

0.18 
0.15 

12 

0.15 
0.1 1 

Table  V. 
T-uio  Large  Black  Bubbles  {Thinned  by  Water  Condensa- 
tion); Hanging  on  a  Glass  Tube. 


I 

II 

Diameter 

Internal  pressure 

Rate 

38 

0.057 
0.023 

38 

0.057 
0.015 

The  corresponding  rates  calculated  for  similar  bubbles  10  cm. 
diameter  would  be:  (i)  0.086;  (2)  0.58;  whereas  a  bubble  sub- 
ject to  water  condensation,  but  still  retaining  some  color,  con- 
tracted from  II  cm.  diameter  on  its  75th  day  to  10  cm.  diameter 
on  the  95th  day,  being  a  diminution  of  i  cm.  in  twenty  days,  giv- 
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ing  an  average  daily  rate  of  gas  transference  per  unit  of  surface 
equal  to  0.025  cm.,  or  about  one-third  the  calculated  rate  for  a 
black  bubble  of  the  same  diameter. 

Table  V  may  be  amplified  as  follows,  to  show  more  completely 
what  is  occurring  in  bubbles  of  this  size : 

Table  VI. 

Gas  Transference  Through  j8  cm.  Black  Bubbles  in  Air  {Dilute  Glycerine-Oleate 

Solution). 


Results. 


(I)  5  weeks  black* 


(II)  2  weeks  blackt 


Diminution  in  diameter. 
Diminution  in  volume. . 


Gas  transference  through  each  sq.  cm. 


Daily 
Total 
Daily 
Total 
Daily 
Total 


0.045  cm. 
1.58  cm. 
0.103  litres 
3.60  litres 
0.023  c.c. 
0.805  c.c. 


0.03  cm. 
0.41  cm. 
0.067  litres 
0.940  litres 
0.015  c.c. 
0.205  c.c. 


*  No.  I,  hanging  on  a  glass  tube,     t  No.  II,  less  diluted  than  No.  I,  and  resting  on  a 

steel-wire  ring. 

In  the  case  of  a  hanging  bubble  as  large  as  38  cm.,  referred  to 
in  Table  VI,  the  total  reduction  in  the  diameter  amounts  only  to 
1.58  cm.  in  five  weeks.  The  volume  of  such  a  bubble  is  over 
30  litres,  and  the  surface  has  an  area  of  5000  square  cm.,  while 
the  total  weight  is  only  about  half  a  gram.  Being  thinned  to 
the  "  black  "  stage,  it  has  a  maximum  thickness  of  approximately 
fifteen  /^/a's;  that  is  to  say,  one  and  two-third  million  such  films  if 
superposed  would  have  a  total  thickness  of  one  inch.  The  internal 
excess  pressure  is  of  the  order  of  a  twentieth  of  a  millimetre  of 
water,  or  about  one  fifteen-thousandth  part  of  the  pressure  of  the 
atmosphere.  Nevertheless,  the  actual  volume  of  air  which  passed 
out  of  the  black  bubble  in  five  weeks  was  3.6  litres,  or  every  minute 
a  layer  of  air  molecules  some  ten  to  eleven  times  the  thickness  of 
the  wall  of  a  black  bubble  of  38  cm.  diameter  passed  through  it. 
Hence,  the  thickness  of  the  layer  of  air  which  at  ordinary  tem- 
perature passes  through  the  film  in  one  second  is  io/6oths  of 
the  thickness  of  the  film,  or  2.5  /x/x's — in  other  words,  a  layer  of 
air  as  thick  as  the  film  would  take  six  seconds  to  pass  through  it. 
Again,  the  mean  free  path  in  air  is  too  /a/a's.  which  is  nearly  seven 
times  the  thickness  of  the  film,  and  therefore  some  forty  limes  the 
thickness  of  the  layer  of  air  passing  through  the  film  in  one  sec- 
ond. Theoretically  the  internal  i)ressurc  in  a  black  bubble  of  less 
than  about  i  cm.  diameter  would  be  sufticient  to  cause  the  trans- 
ference of  a  layer  of  gas  of  a  thickiu-ss  c'(|ual  to  the  length  of 
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the  mean  free  path.    The  rate  of  transference  in  Inibble  II  is  only 
about  three-quarters  of  that  in  bubble  I. 

A  black  air  bubble  about  42  cm.  diameter,  supported  by  nozzle 
above  and  a  small  fixed  horizontal  glass  ring  below ;  thus  keeping 
its  vertical  diameter  constant ;  altered  to  an  ovoid  shape.  The 
lessened  internal  pressure  caused  the  rate  of  air  transference  to 
fall  to  about  one  quarter  of  that  in  bubble  I. 

Gas  Transference  Through  Black  Bubbles  in  Hydrogen. 

A  few  hydrogen  bubbles  blown  in  hydrogen  were  also  ob- 
served.    A  suitable  vessel  for  these  bubbles  is  shown  in  Fig.  7. 

Fig.  7. 


An  oxidized  iron-wire  ring  is  seen  supporting  a  bubble,  not  yet 
completely  black,  within  the  flat-bottomed  vessel,  A  (about  3 
litres  capacity).  The  filling  of  the  vessel  A  with  hydrogen  is 
attended  with  considerable  difficulty,  and  requires  great  care  in 
order  to  obtain  "  optical  emptiness  "  in  the  vessel.  The  nozzle  B 
should  be  pushed  down  nearly  to  the  bottom,  while  the  vessel  A 
is  being  filled  with  hydrogen  by  the  tube  C  (used  later  as  an 
outlet  when  expanding  the  bubble).     No  Tyndall  cone  will  be 
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visible  if  the  vessel  is  properly  filled.  The  bubble  is  then  blown 
on  B  in  the  usual  way,  and  expanded  and  let  down  to  rest  on  the 
wetted  ring  already  prepared  for  it;  or  it  may  be  left  suspended 
from  the  nozzle.  Both  inlet  and  outlet  tubes  are  protected  by 
glycerined  cotton-wool  filters. 

The  contractions  observed  in  hydrogen  bulbs  were  generally 
more  rapid  than  those  of  similar-sized  air-bubbles,  as  shown  in 
Tables  VII,  VIII,  IX,  where  the  units  are  the  same  as  in  the 
last  tables. 

Table  VII. 
Fifty  Per  Cent.  Glycerine,  5  Per  Cent.  Soap. 


Diameter 

Internal  pressure 

Rate  of  gas  transference. 


Hanging  from  glass  nozzle. 


4 

0.45 

0.22 


6 

0.30 

0.14 


8 
0.23 


10 

0.18 
0.053 


Standing  on  iron-wire 
ring. 


6 

0.30 

0.253 


0.23 
0.218 


10 
0.18 
0.190 


Table  VIII. 
Thirty-three  Per  Cent.  Glycerine,  j  Per  Cent.  Soap;  Hanging  from  Glass  Nozzles. 


Diameter 

Internal  pressure 

Rate  of  gas  transference . 


4 

6 

8 

0.45 

0.30 

0.23 

0.31 

0.25 

0.20 

10 
0.18 
0.17 


Table  IX. 
Approximately  i  Per  Cent.  Glycerine-Soap;  Pale  Golden  Color;  Hanging  from 


Glass  Nozzles. 

Diameter 

4 

0.55 
0.285 

6 

0.36 

0.103 

8 

Internal  pressure 

0.28 

Rate  of  gas  transference 

0.050 

The  internal  pressure  was  not  determined  for  every  bubble  ;  the 
values  given  above  were  deduced  from  results  obtained  with 
typical  bubbles  connected  to  an  alcohol  nearly  horizontal  displace- 
ment manometer.  The  instrument  gave  with  i  mm.  of  water 
pressure  a  displacement  of  the  order  of  too  mm.  of  the 
alcohol  column. 

A  study  of  these  results  shows  at  once  that  there  are  obscure 
factors  in  some  cases,  causing  notable  divergencies,  even  when  the 
conditions  arc  not  greatly  altered.  Other  experinu'iits  ha\e  shown 
that  small  differences  in  composition  have  in  manv  cases  a  large 
effect  on  the  behavior  of  these  thin  films,    'lable  I  V^  (air  bubbles) 
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shows  that  4  per  cent,  of  alcohol  added  to  the  soap  solution  in- 
creases the  rate  of  gas  transference  through  an  air  bubble. 

The  constancy  in  thickness  of  the  "  black  stage  "  is  undoubt- 
edly subject  to  variation  in  different  solutions.  Johonnott,  using 
a  large  number  of  small  black  films  in  a  Michelson  interferometer, 
found  that  there  were  at  least  two  values  for  the  thickness  of  the 
black  film  he  measured,  and  that  the  additions  of  either  glycerine 
or  potassium  nitrate  tended  to  give  the  thicker  of  the  two*  In 
last  year's  discourse  a  description  of  five  distinct  grades  of  black 
was  given,  obtained  with  soap  solution  containing  over  30  per 
cent,  of  glycerine.  The  film  covered  a  thin  glass  frame  in  an 
exhausted  glass  vessel.  These  grades  were  seen  to  be  unstable, 
coalescing  to  the  deepest  or  thinnest  black  when  a  portion  of  soap 
solution  was  brought  in  contact  wnth  the  lower  part  of  the  glass 
frame.  It  is  possible  that  a  few  per  cent,  of  alcohol,  with  its  low 
viscosity  and  surface  tension,  might  result  in  a  still  thinner 
black  stage. 

GAS  TRANSFERENCE  THROUGH  BUBBLES  AT  PRESSURES  OTHER  THAN 
ATMOSPHERIC. 

A  bubble  of  about  10  cm.  diameter,  shown  in  an  exhausted 
flask  (Fig.  2),  in  which  the  air  pressure  had  been  reduced  to  the 
order  of  a  fraction  of  a  mm.,  was  seen  to  contract  visibly  from  the 
rapid  percolation  of  the  air  from  within  outwards.  Under  such 
conditions  the  small  internal  excess  pressure  qf  about  0.2  mm. 
water,  necessary  to  maintain  a  10  cm.  bubble,  is  a  very  large  pro- 
portion, say  about  10  per  cent.,  of  the  total  air  pressure  in  the 
flask.  There  is,  therefore,  a  proportionately  small  resistance  to 
its  percolation  through  a  film  sufficiently  thin.  As  the  air  pressure 
in  the  vessel  is  increased,  the  time  for  complete  contraction  be- 
comes greater,  because  the  internal  excess  pressure  is  a  relatively 
smaller  proportion  of  the  total  opposing  pressure ;  thus  when  the 
containing  vessel  is  at  atmospheric  pressure,  the  10  cm.  bubble 

is  distended  by  only  —^th  of  this  total  pressure.  There  is,  there- 
fore, a  proportionately  small  force  urging  the  contained  air  to  pass 
out  compared  w'ith  that  w^here  the  vessel  was  under  a  pressure  of 
only  a  fraction  of  a  mm.    The  result  is  naturally  that  the  complete 

*  "  Thickness  of  the  Black  Spot  in  Liquid  Films."  By  Edwin  S.  Johonnott, 
Jr.,  Ryerston  Physical  Laboratory,  University  of  Chicago,  Phil.  Mag.,  xlvii. 
p.  501. 
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contraction  takes  weeks  instead  of  minutes.  In  the  same  way 
if  a  bubble  be  formed  in  a  strong  glass  vessel  charged  to,  say,  lo 
atmospheres,  then  even  after  six  months,  during  the  major 
part  of  the  time  being  black,  no  sensible  diminution  in  diameter 
was  detected. 

The  measures  of  contraction  at  very  low  pressures  were  hin- 
dered by  the  difficulty  in  securing  uniformity  of  thickness  in  the 
film.  The  black  bubbles  when  obtained  are  extremely  fugitive, 
as  they  contract  so  quickly.    Then  also  the  ammonium  oleate  solu- 
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Bubbles  of  ammonium  oleate,  3  per  cent,  in  30  per  cent,  glycerine.  Thinned  to  first  green. 

tions,  which  are  so  well  adapted  for  obtaining  black  bubbles,  do 
not  remain  of  the  same  composition  under  low  air  pressures,  due 
to  the  removal  of  the  volatile  easily  dissociated  ammonia. 

The  results  of  some  of  the  attempts  with  ammonium  oleates 
are  given  in  Fig.  8,  showing  the  contraction  of  pressures  of  i  mm. 
and  5  mm.  Hg.  respectively,  with  approximately  the  same  bubble 
thickness.  The  curves  iti  Fig.  9  show  the  relative  rates  of  con- 
traction with  potassium  oleate  at  three  different  thicknesses  of 
bubble,  all  at  the  same  pressure  of  just  over  i  mm.  TTg. 

The  first  of  the.se  two  diagrams  shows  that  at  less  than  i  mm. 
pressure  of  air  in  the  vessel,  a  14-cni.  bubble  composed  of  ^^  ])er 
cent,  ammonium  oleate  in  30  per  cent,  glycerine,  of  inten?e  green 
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coloration,  contracts  completely  in  about  17  minutes;  whereas  if 
the  air  pressure  be  raised  to  5  mm.,  the  contraction  of  a  similar 
bubble  has  only  gone  from  14  cm.  to  1 1  ^  cm.  in  the  same  time, 
and  to  10  cm.  in  25  minutes.  The  second  diagram  shows  that  a 
bubble  10  cm.  in  diameter,  composed  of  5  per  cent,  potassium 
oleate.  50  p>er  cent,  glycerine,  and  almost  too  thick  to  show  color, 
takes  47  hours  to  contract  to  6  cm. ;  but  when  a  bubble  of  similar 
size  and  composition  is  thinned  to  intense  green,  the  same  amount 

Fig.  9. 


Bubbles  of  potassium  oleate,  s  per  cent,  in  so  per  cent,  glycerine.     Air  pressure  over  i  mm.  hg. 


of  contraction  occurs  in  9  hours;  when  further,  the  black  stage 
is  secured,  the  time  for  complete  collapse  from  3  cm.  diameter  is 
only  25  minutes.  The  green  bubble,  from  its  graph,  would  have 
taken  from  2  to  3  hours  for  the  same  contraction.  Such  pre- 
liminar}'  results  may  serve  at  least  to  point  the  way  to  a  more 
complete  inquiry. 

EFFECT  ON   THE   GAS   TRANSFERENCE   RATE    OF    THE    COMPOSITION 
OF  THE  SOAP  SOLUTION. 

The  internal  excess  pressure,  P,  in  a  bubble  of  constant  com- 
position, and  therefore  of  constant  surface  tension,  T,  enclosed  in 
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a  vessel  sealed  off  from  the  atmosphere,  varies  inversely  as  the 
diameter,  D,  according  to  the  law  P  -  4T/D. 

Hence,  if  the  rate  of  gas  transference  varies  directly  as  the 
internal  excess  pressure,  it  will  consequently  vary  inversely  as  the 
diameter.  Now-,  in  Fig.  6,  taking  the  origin  at  the  point  where  the 
bubble  vanishes,  and  measuring  a-  (time)  horizontally  to  the  right 
in  days,  and  3'  (diameter)  vertically  downwards  in  centimetres, 
we  found  that  the  gas  transference  was  measured  at  any  time  x 

dy     ,  dy 

:  hence  —  ^    =   - 
y 


by  -  -g  ;  hence      ^^ 


where  k  is  a  constant,  the  graph  of    / 


Fig.  10. 


Gas  transference  through  bubbles.      Rates  plotted  with  reciprocals  of  diameters.       (i)  Black  H 
bubble  of  constant  composition.      (2)  Golden  H  bubble  of  increasing  dilution. 

to  -  is  a  straight  line,  and  the  curve  of  contraction  is  the  para- 
bola y''^  =  D,,^  -  kx,  where  D„  is  the  initial  diameter — a  result  usu- 
ally found  to  be  the  case.    The  equation  of  the  particular  curve  in 

„.     ^  .      .,  121 

r  ig.  o  IS  y   :=  1 2 1     —  .1". 

But,  when  a  bulible  j)artly  composed  of  glycerine  is  exposed  to 
water  vapor  and  thereby  progressively  diluted,  then  the  surface 
tension  will  increa.se  ;  and  the  internal  pressure  will  rise  at  a  greater 
rate  than  would  be  due  to  diminution  of  diameter  alone.  The 
graph  of  the  rates  of  gas  transference,  plotted  with  the  recipro- 
cals of  the  corresponding  diameters,  would  no  longer  be  a  straight 
line.  The  next  figure  (Fig.  lo)  shows  the  graphs  obtained  in  the 
case  of  ( 1  )  Inibblc  of  constant  composition,  (2)  bubble  of  glycer- 
ine solution  subjected  to  absorf)tioi.i  of  water  vapor.    In  this  .second 
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case  (, see  also  Table  IX)  the  rate  of  gas  transference  ^L)/2( plotted 
as  abscissiv)  is  increasing  more  quickly  than  the  inverse  of  the 
corresponding  diameters  \/D  (plotted  as  ordinates) — a  fact 
which  could  be  explained  ( i )  by  an  increase  in  the  surface  tension, 
with  a  resulting  proportional  increment  in  the  internal  pressure 
of  the  contracting  bubble;  and  (2)  by  a  more  rapid  percolation  of 
hydrogen  through  the  diluted  film. 

It  is  evident  that  further  comparative  experiments  are  neces- 
sary- with  more  dilute  films  of  constant  composition  before  these 
effects  can  be  differentiated.  Preliminary  attempts  showed  that  a 
solution  containing  only  0.15  per  cent,  of  ammonium  oleate  with 
1.5  per  cent. glycerine  can  give  a  fairly  long-lived  bubble  (one  such 
in  hvdrogen  contracted  completely  in  28  days  from  8  cm.  diam- 
eter :  see  p.  745  )•  But  the  maintenance  of  constant  thickness  is  not 
easy,  because  with  bubbles  of  such  dilution  even  slight  variations 
of  temperature  cause  recurrent  color  changes ;  it  is  specially  diffi- 
cult to  maintain  the  black  stage. 

Xo  great  alterations  of  temperature  occurred  in  any  of  the 
alxive  experiments,  but  distinct  evidences  of  variations  from  this 
cause  were  noted  on  several  occasions.  The  laws  governing  this 
factor  have  yet  to  be  elucidated. 

ALTERATION  OF  THICKNESS  BY  CONTRACTION.    SILVERY  DISCS. 
CONSTANCY  OF   BLACK  ZONE. 

A  contracting  bubble  that  remains  constant  in  weight  will,  of 
course,  become  thicker  as  the  surface  diminishes.  The  thickness 
will  var}-  inversely  as  the  square  oi  the  diameter,  provided  the 
capillary,  viscous,  and  gravitational  forces  did  not  come  into  play. 
For  small  changes,  on  the  simple  theory,  the  rate  of  logarithmic 
increase  of  thickness  will  be  twice  the  rate  of  logarithmic  diminu- 
tion of  diameter.  This  is  a  property  of  the  sphere  that  may  be 
expressed  as  follows :  When  5"  =  surface,  T  -  thickness,  p  =  specific 
gravity  of  the  liquid  composing  the  bubble,  then,  since  S-t^D', 

Mass  =  ST  p  =  -D'T(> 
and  as  the  mass  and  composition  are  assumed  unaltered,  this  gives 

D^T  =  constant,  or  T  varies  as  — 2  ...."....  (i) 

i.e.  the  thickness  varies  inversely  as  the  square  of  the  diameter, 
and  is  true  for  all  magnitudes.    Differentiating, 

2TD.dD  +  DKdT  =0,      or  ^  =  -  2— (2) 

which  can  l;e  put  in  the  form 

d  (log  T)  =  -  2d  (log  D) (3) 

Vol.  188,  Xo.  1128 — 54 
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Thus  the  rate  of  logarithmic  increase  of  the  thickness  is  twice  the 
rate  of  logarithmic  diminution  of  diameter. 

In  black  bubbles  increase  of  thickness  can  be  observed  if  the 
contraction  is  rapidly  effected  by  opening  the  closed  bubble  to  the 
air,  or  by  cautiously  removing  the  air  by  suction ;  but  the  immedi- 
ate effect  is  not  to  produce  a  colored  bubble.  What  happens  is  that 
small  silvery  circular  discs  (see  p.  721 )  break  out  over  the  surface 
of  the  black  bubble,  and  these  represent  the  aggregations  of  liquid 
resulting  from  the  contraction,  for  they  are  much  thicker  than  the 
black  film  through  which  they  move.  They  very  soon  settle  to  the 
lower  parts,  and  there  slowly  coalesce  to  a  small  graded  colored 
area.  This  usually  contracts  in  a  short  time  to  a  much  smaller 
zone,  too  thick  to  show  color,  and  finally  very  little  more  is  left 
than  a  small  drop  surrounded  with  a  narrow  silvery  band  on  the 
otherwise  black  bubble.  Large  black  bubbles  contracting  by  gas 
percolation  go  too  slowly  for  these  effects  to  be  observable,  but  the 
final  result  is  the  same:  a  drop  of  liquid  slowly  collects  on  the 
black  bubble,  and  may  in  large  bubbles  grow  sufficiently  to  fall  off, 
after  causing  a  progressive  elliptical  distortion. 

Comparable  behavior  is  shown  when  one  or  two  drops  of  solu- 
tion per  minute  are  allowed  to  trickle  into  a  black  or  partly  black 
bubble.  Colored  streaks  appear  and  pass  downwards  from  places 
all  round  the  supporting  nozzle  into  which  the  liquid  is  fed ;  later 
on  the  streaks  break  up  into  colored  discs,  falling  slowly  by  sinuous 
paths  and  with  diverse  motions.  However,  they  all  pass  through 
the  black  portion,  and  after  remaining  for  several  minutes  as  a 
mass  of  distinct  many-colored  particles,  form  by  coalescence  a  col- 
ored zone  below  round  the  drop.  If  the  liquid  is  fed  in  more 
rapidly,  the  colored  zone  will  rise  to  a  certain  extent,  but,  in  single 
bubbles,  a  large  area  of  black  almost  always  remains.  The  feed- 
ing of  the  liquid  may  be  cautiously  increased  almost  to  a  stream; 
the  bubble  is  then,  of  course,  much  disturl)ed  at  the  boundary  of 
the  black  zone,  as  well  as  elongated  by  the  loading,  and  drops 
fall  away  in  steady  succession.  The  paths  through  the  black  zone 
may  then  become  so  thick  as  to  be  transparent  threads  of  liquid, 
without  any  color  in  themselves,  but  causing  C(^lorcd  rays  and 
patches  to  flash  outwards  from  their  paths. 

It  was   further  observed   that    when   a   partly  colored  bubble 
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quickly  altered  in  size,  the  black  zone  remciined  roughly  constant 
in  area,  being  independent  of  the  extended  or  contracted  surface. 
The  thickness  seemed  to  alter  at  the  expense  of  the  colored  por- 
tion, which  consequently  changed  in  tint.  A  bubble  is  allowed  to 
develop  to  blackness  for  about  one-third  of  its  surface,  the  re- 
maining two-thirds  grading  from  a  silvery  boundary  at  the  black, 
through  golden  color  to  deep  steel-blue.  This  state  is  reached  in 
a  few  hours  with  a  solution  composed  approximately  of  3^ 
per  cent,  neutral  ammonium  oleate  in  t,t,  per  cent,  glycerine,  with 
a  slight  excess  of  ammonia.  Now  gradually  expand  the  bubble 
by  a  slight  reduction  oi  the  external  pressure.  Meanwhile,  the 
level  of  the  black  boundary,  as  well  as  the  change  of  diameter, 
are  observed.  The  colored  area  is  seen  to  change  from  steel-blue 
to  blue-purple  through  magenta  and  deep  amber  until  almost  the 
whole  of  it  is  a  full  golden  color  as  a  result  of  the  diminished 
thickness,  which,  however,  is  still  of  the  order  of  fifteen  times 
that  of  the  black.  During  this  time  the  black  boundary  has  risen 
slightly  in  level ;  but  when  the  area  of  the  black  zone  is  calculated 
at  successive  stages,  the  value  is  found  to  remain  constant  to 
within  a  few^  per  cent.  All  liquid  must  be  well  drained  from  the 
hanging  bubble  by  leaving  a  drainage  tube  in  contact  with  the  drop 
position,  during  the  preliminary  development  to  partial  blackness. 
Two  sets  of  observations,  showing  the  approximate  constancy  of 
the  area  of  the  black  zone,  while  the  colored  portion  is  varying 
to  a  large  ratio,  appear  in  Table  X  below\ 

Table  X. 


Whole  Bubble. 

Black  Zone. 

Colored  Zone. 

Ratio. 

Diam.  (cm.) 

Area  (cm.) 2 

Area  (cm.)- 

Area  (cm.)2 

Colored:  Black. 

(i)  17-55 

967.6 

90.4 

877.2 

9-7 

15-75 

779.2 

94-5 

684.7 

7-3 

•    13-70 

589-6 

94-7 

494-9 

5-2 

11.60 

422.7 

91. 1 

331-6 

3-6 

9-54 

286.0 

84.7 

201.3 

2-4 

(ii)  19. 1 

1 146 

77-7 

1068.3 

13-9 

16.1 

814 

76.4 

737-6 

9-7 

13-I 

539 

74-5 

464-5 

6.2 

10. 1 

302.5 

69.1 

233-4 

3-4 

7-1 

158 

35-1 

122.9 

3-5 

Thus,  from  the  first  four  observations,  the  actual  black  area 
of  the  first  bubble  only  varied  some  2  per  cent,  from  its  mean  value 
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92.7  cm.-,  while  the  colored-to-black  ratio  fell  from  9.7  to  3.6,  or 
some  63  per  cent. :  similarly  the  actual  black  area  of  the  second 
bubble  varied  about  5  per  cent,  from  its  mean  value  74.5  cm.^. 
while  the  colored  area  fell  from  nearly  14  times  to  3^/2  times  the 
black  area — a  drop  of  over  75  per  cent. 

ABSORPTION  OF  WATER  BY  BUBBLES  COMPOSED  OF  OLEATE  GLYCERINE 

SOLUTION. 

When  boiled  water  is  introduced  into  a  vessel  which  holds  a 
bubble  composed  partly  of  glycerine,  water  vapor  is  absorbed  and 
the  normal  thinning  of  the  bubble  to  the  black  stage  is  prevented. 
There  is  instead  an  increase  in  thickness,  causing  gradational 
changes  of  color:  the  bubble  sags  down  from  the  increase  in 
weight;  successive  drops  accumulate  and  fall  off,  at  first,  maybe, 
two  or  three  in  a  day,  decreasing  rapidly  in  number  as  the  dilu- 
tion proceeds,  until  when  the  soap-glycerine  is  reduced  to  i  or  2 
per  cent,  the  interval  between  the  drops  grows  into  many  weeks, 
and  the  drainage  practically  ceases.  When  very  diluted  the  black 
stage  is  finally  reached,  and  may  remain,  provided  the  tempera- 
ture is  steady;  but  usually  much  fluctuation  of  color  takes  place, 
the  black  even  recurring  many  times. 

The  washings  of  several  siich  bubbles  were  collected  in  a 
graduated  tube,  and  periodically  weighed  and  analyzed.  In  the 
case  of  a  bubble  of  glycerine  and  ammonium  oleate,  the  analysis 
for  most  purposes  consisted  simply  in  heating  the  liquid — in  an 
oven  at  90°— 95°  C. — until  constant  in  weight.  The  contained 
glycerine  and  oleic  acid  were  thus  left  practically  in  the  same 
relative  proportions  as  in  the  original  bubble,  water  and  ammonia 
being  driven  ofif.  If  necessary,  the  ammonia  was  sej^arately 
estimated  by  Nesslerising.  This  is  one  advantage  attending  the 
use  of  ammonium  oleate  in  such  bul)l)les,  as  compared  with  the 
oleates  of  a  non-volatile  base  like  soda  or  potash. 

The  arrangements  employed  arc  shown  in  Fig.  1 1.  The  blow- 
ing-tul:>e.  A,  with  its  nozzle.  A',  to  carry  the  bubble,  is  supported 
in  an  india-rubber  cork  fitting  the  neck  of  a  10-  to  12-litre  ta1")U- 
latcd  "  aspirator  "  vessel.  D  is  a  bulbed  vent  tulx^,  and  is  packed 
uniformly,  but  not  tightly,  with  cotton-wool  moistened  by  glycer- 
ine. This  allows  any  variations  of  atmospheric  pressure  to  l)e 
equalized  without  endangering  the  purity  of  the  internal  atmos- 
dIutc.     B  is  the  <rraduated  collection  tube  fitted  in  the  lower  tulni- 
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lation :  its  nozzle,  inside,  is  directly  under  the  drops  which  accumu- 
late on  the  bubble.  Before  opening  the  stop-cock  on  B,  to  draw  off 
the  accumulated  liquid,  the  stopper  in  D  is  removed  to  allow  the 
equalization  of  barometric  pressure,  otherwise  the  small  quanti- 
ties of  liquid  could  not  be  smoothly  withdrawn;  alternatively,  D 
may  remain  open.     Before  commencing  observations  any  excess 

Fig.  II. 


liquid  is  removed  from  the  bubble  by  drainage  along  the  rod  C. 
This  is  also  done  very  effectively  by  a  small  bundle  of  very  thin 
glass  rods,  about  ^  mm.  diameter,  tied  together  by  thin  aluminum 
wire :  but  the  drawn-out  glass  rod,  C,  acts  automatically  when 
placed  vertically  just  IdcIow  the  drop,  for,  as  this  grows,  it  descends 
by  its  own  weight,  and,  enveloping  the  rounded  end  of  the  rod, 
drains  down  along  the  drawn-out  neck,  and  the  lightened  bubble 
rises  off  the  rod. 

After  the  bubble  has  thus  drained  for  several  hours,  the  boiled 
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distilled  water  is  run  in.  The  collecting  tube  may  be  utilized  for 
this  by  turning  down  the  nozzle  and  tilting  the  vessel,  or  a  separate 
inlet  tube  with  stop^-cock  may  be  fitted. 

In  order  to  isolate  the  bubble  from  the  soap  solution  in  A,  and 
prevent  any  distillation  or  intrusion  of  extraneous  liquid,  the 
reservoir  in  some  experiments  was  removable.  For  this  purpose 
a  conical  ground  joint  was  made  in  the  tube  A  above  the  india- 
rubber  cork. 

The  contraction  of  the  bubble  is  somewhat  irregular,  because 


cms.  Diameter 
Air  bubble  over  water  remains  colored.      Contraction  and  condensation. 

of  the  constantly  varying  thickness  of  the  film,  shown  by  the 
beautiful  changes  and  gradings  of  color.  In  the  case  of  an  air 
bubble,  the  contraction  is  also  relatively  slow.  Thus  (Fig  12)  one 
of  12  cm.  diameter  only  diminished  in  forty  days  to  11  cm.  A 
second  one,  of  21.4  cm.  diameter,  contracted  in  five  mcMiths  to  16.6 
cm.  A  third  one,  of  15.8  cm.  diameter,  took  a  little  over  six 
months  to  contract  to  a  plane  film  on  the  supporting  nozzle.  In 
wet  hydrogen,  however  (Fig.  13),  an  ii-cm.  bubble — under  con- 
ditions of  somewhat  lower  temperature — contracted  completely  in 
about  three  months;  almost  all  this  time,  moreover,  it  was  of  suf- 
ficient thickness  to  show  strong  colors. 

The  form  of  the  contraction  curve  of  the  hydrogen  bubble  is 


Dec.  1919.]        Soap  Bubbles  of  Long  Duration. 


743 


fairly  regular  (considering  the  variations  of  thickness  as  shown  by 
the  color  changes),  and  of  similar  form  to  that  given  by  black 
bubbles  of  constant  composition.  Its  collection  curve,  of  similar 
type,  in  which  the  amounts  collected  by  drainage  are  plotted  as 
ordinates  to  the  time  of  collection  as  abscissae,  is  also  shown 
in  Fig.  13. 

Similar  contraction  and  collection  curves  are  shown  in  Fig.  12 
and  Fig.  13  for  air  and  hydrogen  respectively.  The  left-hand  ver- 
tical scales  are  for  cms.  in  diameter  for  the  contraction  curves; 
the  right-hand  scales  are  for  grams  of  liquid  collected  for  the  col- 
lection curves.  The  collection  curve  appears  roughly  as  an  image 
of  the  contraction  curv'e,  showing-  that,  whereas  the  contraction  is 
slow  at  first,  increasing  parabolically  to  the  final  disappearance, 
the  condensation  and  drainage  begins  rapidly  when  the  bubble 
contains  concentrated  glycerine,  and  falls  ofif  to  zero  as  the  dilu- 
tion asymptotically  approaches  completion. 

Careful  measurement  of  such  curves  given  by  both  air  and 
hvdrogen  bubbles  revealed  them  to  be  parabolic  during  the  initial 
period  before  the  surface  became  sensibly  reduced  by  contraction. 
From  this  it  follows  that  during  this  period  the  rate  of  collection 
is  inversely  as  the  total  amount  collected ;  just  as  in  the  contraction 
curves  the  rate  of  diminution  of  diameter  is  inversely  as  the 
diameter.  The  equation  of  this  first  portion  of  the  drainage  curve 
shown  in  the  above  figure  for  a  hydrogen  bubble  is  y  =  0.1787  -y/.r, 
where  y  is  in  grams,  and  x  is  in  days. 

The  approach  to  agreement  l^etween  the  observed  and  calcu- 
lated values  thus  resulting  is  seen  in  the  following  table : 


Table  XL 


X  Days 

1  Observed 
y  gms.  'r  Calcu- 

I   lated..  .  . 


I 
0.18 

2 
0.26 

3 
0.305 

4 
0.36 

6 
0.45 

8 
0.52 

10 
0.57 

12 
0.62 

0.18 

0.25 

0.309 

0.36 

0.44 

0.51 

0.57 

0.62 

H 
0.66 

0.67 


In  half  a  day  o.i  gram  of  liquid  had  been  collected;  in  eight 
days  0.5  gram  was  obtained;  but  a  total  of  i.o  gram  was  only 
reached  on  the  95th  day. 

The  corresponding  expression  in  terms  of  mgms.  from  each 
sq.  cm.  of  the  bubble  surface  is  y  =  0.514  ■\x.    The  result  given  by 


744 


Sir  James  Dewar. 


[J.  F.  I. 


Dec.  1919]        Soap  Bubbles  of  Long  Duration. 


745 


the  bubble  under  similar  conditions  in  air  instead  of  hydrogen  was 
V  =  o. 5 54  \  .r  ( see  Fig.  12). 

The  final  composition  of  the  bubble  is  thus  relatively  very  little 
different  from  water.  As  a  confirmation  of  this  the  original 
bubble  solution  (5  per  cent,  of  ammonium  oleate,  in  50  per  cent, 
glycerine)  was  diluted  thirty-three  times  with  carefully  prepared 
lx)iled  distilled  water.  A  Imbble  8  cm.  diameter  was  then  blown 
from  this  solution.  It  lasted  until  completely  contracted  after 
exactly  four  weeks.  During  most  of  this  time  it  was  colored 
amber  to  purple;  on  three  or  four  of  the  warmer  days  nearer  the 
end  (temperature  about  10°  C.)  it  reached  a  semi-black  stage 
peculiar  to  these  very  dilute  bubbles.  Only  one  drop  accumulated, 
caused  by  the  shrinking  of  the  bubble.  This  bubble  has  already 
been  referred  to  in  connection  with  gas  transference  through 
bubbles  of  graded  dilution  (see  p.  72i7)- 

By  investigating  the  condensation  on  unit  area  of  the  bubble, 
instead  of  pn  the  whole  bubble,  a  simple  expression  can  be  found 
that  is  applicable  to  the  whole  of  the  drainage  curve,  instead  of 
only  to  the  initial  period  of  constant  surface.  The  rate  per  unit 
area  is,  of  course,  found  by  dividing  the  weight  of  total  drainage 
by  the  mean  surface  of  the  bubble  over  the  period  measured.  This 
is  most  readily  done  by  drawing  a  succession  of  tangent?,  TT' , 
to  the  collection  curve  (Fig.  13).  The  slope  of  these  successive 
tangents  along  the  curve  gives  the  rates  of  collection  at  successive 
times  from  the  whole  bubble  surface.  The  surface  each  time  is 
obtained  from  the  corresponding  diameter,  obtained  by  drawing 
the  ordinates  00'  to  cut  the  contraction  curve.  By  dividing  the 
total  daily  drainage  rate  given  by  the  slope  of  the  tangent  TT' , 
by  the  corresponding  surface  at  that  time,  there  results  the  rate  of 
condensation  per  unit  area.  The  values  thus  accruing  are  set 
out  in  the  first  three  horizontal  rows  of  Table  XII,  with  the  cor- 
responding day  in  the  fourth  row : 

Table  XII. 


Daily  rate  of  conden 
sation 

Surface 

Rate  per  xinit  area  X 
io< 

Day 


0.049 

353 

139 
4 


0.031 
346.3 

0.895 


0.0178 
333-3 

0-534 
14 


0.00885 
314-2 

0.282 
22 


0.0064 
283.5 

0.226 
33 


0.0047 
254-5 

0.185 
43 


0.0031 
227.0 

0.137 
52 


0.0015 
153-9 

0.097 
70 
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By  plotting  the  third  and  fourth  rows  as  ordinate  and  abscissa, 
a  new  and  more  fundamental  curve  is  obtained,  which  is  shown 
in  Fig.  14. 

An  examination  of  this  curve  shows  that  the  alteration  of  the 

Fig.  14. 


Condensation  on  bubble  in  wet  hydrogen.     Rate  of  condensation,  i)lotted  to  time. 


rate  of  condensation  on  unit  area  of  the  bubble  after  the  fourth 
day  is  practically  hyperlx)lic  as  regards  time.  The  expression  most 
nearly  fitting  the  curve  is  found  (by  plotting  the  results  logarith- 
mically) to  l)e  xy  -  0.705,  where  .r  represents  the  time  in  days  and 
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V  the  milligrammes  of  condensation  on  each  square  centimetre. 
Calculated  points  are  marked  "  x  "  on  the  diagram,  and  values 
obtained  from  observations  as  above  are  marked  "  ®." 

By  bursting  bubbles  in  a  weighed  vessel,  it  v^'as  found  that  at 
the  mean  thickness  which  these  bubbles  maintain  under  the  given 
conditions  (shown  by  their  color)  they  have  a  weight  of  very 
approximately  o. i  mgm.  per  square  cm.,  and  are  therefore  0.00 1 
mm.  thick.  Hence,  in  the  equation  just  given,  y  may  also  repre- 
sent the  weight  (in  milligrammes)  condensed  per  day  on  each 
0.1  mgm.  of  the  bubble.  The  resulting  values  calculated  for 
certain  days  are  set  out  in  the  following  Table  XIII,  together  with 
the  corresponding  values  obtained  directly  from  the  tangents  to 


the  original  contraction  curve 


Table  XIII. 


X  =  days 

y=  mgms.'i  Calcu- 
of      con-    lated 
densation  \ 
per  mgm.  Ob- 
of  bubble]  served 


I 

2 

4 

8 

10 

14 

22 

33 

43 

52 

0.705 

0.352 

0.176 

0.090 

3.071 

0.050 

0.032 

0.021 

0.016 

0.014 

0.130 

0.088 

0053 

0.028 

0.023 

0.019 

0.014 

70 

O.OIO 
O.OIO 


The  calculated  values  are  at  first  too  high,  but  later  vary 
slightly  on  either  side  of  those  directly  deduced  from  observations 
(see  Fig.  14). 

The  values  in  milligrammes  per  day,  of  the  rate  of  absorption 
on  unit  area  with  an  air  bubble  15^  cm.  in  diameter,  are  given 
in  the  subjoined  Table  XIV.  They  were  deduced  from  the  weights 
of  liquid  collected  in  the  periods  named.  The  composition  of  the 
bubble  was  50  per  cent,  of  glycerine  with  5  per  cent,  of  ammonium 
oleate.    This  shows  the  rapid  reduction  in  the  daily  rate  of  con- 

Table  XIV. 


Period. 

Ratio  of  Water-vapor 
Absorption. 

1st  day 

2-9  " 

10-21  " 

22-34  " 

0.452 
0.073 

o.of4 
0.003 

densation  occurring  within  a  month — namely,  from  0.452  mgm. 
at  the  beginning  down  to  0.003  tngm.  at  the  end. 
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ALTERING    COMPOSITION    OF   THE    BUBBLE    DRAINAGE. 

The  variation  of  the  composition  of  the  Hquid  draining  from 
the  bnbl)le,  during  the  early  portion  of  these  experiments,  is  shown 
in  the  next  two  diagrams. 

Fig.  15  shows  the  paralwHc  increase  in  the  weight  of  the 
"drainage,"  with  time;  on  a  separate  scale  of  ordinates,  on  the 
right-hand  side,  is  marked  the  multiple  of  the  original  bubble 

Fig.  15. 
VOi-j-y 
ins  df 


Altering  composition  of  liquid  collected  from  bubble  when   diluted   by   condensation   of   water. 
16  cm.  air  bubble;  55  per  cent,  soap-glycerine. 

weight  equal  to  the  amount  of  licjuid  collected.     The  three  points 
marked  are : 

(i)  0.5  grm.  of  liquid  in     i  day;    l)eing  over    5  "bubble  weights." 

(2)  0.9  grm.  of  liquid  in    9  days;  being  over  10  "bubble  weights." 

(3)  l-O  gfiTi.  of  liquid  in  21  days;  lieing  over  11  "  bubble  weights." 

At  each  of  these  points  the  composition  of  the  drainage,  as  well 
as  the  actual  weight  of  the  bubble  which  had  then  been  washed 
away,  were  as  follows : 

( I  )  3.4  per  cent.  soai)-glycerine  ;  64  mgms.  of  original  bubble 
washed  away. 

(2)  Further  0.85  per  cent,  soap-glycerine  ;  So  mgms.  of  origi- 
nal bubble  now  washed  awav. 
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(3)  Further  0.29  per  cent,  soap-glycerine;  86  nigms.  of 
original  bubble  now  washed  away. 

In  Fig.  16  the  orclinates  on  the  left  show  the  decreasing  per- 
centage of  soap-glycerine  in  the  bubble,  and  on  the  right  the  con- 
sequent increase  in  the  percentage  of  water,  as  the  experiment 
proceeded.  The  numl^er  of  days  elapsing  are  again  marked  as 
abscisScT.  The  dotted  ordinate  shows,  for  example,  that  the  bubble 
on  the  fifth  day  had  nearly  90  per  cent,  of  the  original  soap- 
0  5         Fig.  16.  |0  days  15 

100%-iH — h-H — hrl — \ — I — \ — M — H — hi  0% 


80% 


60% 


Glycerin 
Soap 


Alternating  composition  of  bubble  when  diluted  by  condensation  of  water.     i6  cm.  air  bubble. 

glycerine  replaced  by  water,  and  consequently  only  lo  per  cent,  of 
the  soap-glycerine  which  was  present  in  the  original  solution  then 
remained ;  this  was  reduced  on  the  fifteenth  day  to  only  about  3  per 
cent.,  but  after  this  the  rate  of  dilution  was  much  less. 

This  intrinsic  dilution  curve  agrees  in  form  with  that  in 
Fig.  14.  which  shows  the  deduced  rates  of  condensation  per  unit 
mass  (o.  I  mgm.)  of  the  bubble  with  time.  The  one  result  follows 
from  chemical  measures  of  the  alteration  of  drainage  composition, 
while  the  other  follows  from  the  combined  periodical  observations 
of  the  weight  of  drainage  and  the  contraction  of  the  bubble. 

The  second  part  of  this  investigation  dealing  with  Bubble- 
Complexes  I  hope  to  detail  in  a  future  discourse. 

(W.  J.  Green,  Esq.,  B.Sc,  and  J.  W.  Heath,  Esq.,  F.C.S.,  Assistants  of 
the  Royal  Institution,  have  aided  in  the  course  of  the  inquiry.     [J.  D.]) 


/D^ 


Current  Topics.  [J-  F".  I. 


On  the  Transmission  of  Speech  by  Light.  A.  O.  Rankine. 
(Proc.  Physical  Society,  London,  August  15,  1919.) — Selenium 
changes  in  electrical  resistance  according  to  the  light  flux  inci- 
dent upon  it.  For  several  decades  attempts  have  been  made  to 
transmit  speech  by  using  this  fact.  A  beam  of  light  is  made  to 
vary  in  intensity  by  the  changes  of  pressure  in  a  sound  wave. 
This  beam  is  received  upon  a  selenium  cell  in  circuit  with  a  tele- 
phone receiver  and  a  source  of  current.  As  long  as  the  intensity 
of  the  light  is  constant  so  long  is  the  current  through  the  re- 
ceiver constant.  When,  however,  the  intensity  of  the  light 
changes,  the  resistance  of  the  selenium  changes  and  in  conse- 
quence the  current  varies  and  the  diaphragm  of  the  receiver  is 
made  to  move  and  to  emit  a  sound  wave. 

There  are  two  methods  of  making  a  beam  of  light  fluctuate  in 
intensity  in  accordance  with  the  sounds  of  the  voice.  One  is  by 
controlling  the  light  emitted  by  a  source  such  as  an  arc  lamp, 
by  microphone  action  or  otherwise.  It  is  said  that  this  method 
has  been  used  with  success  in  the  German  Navy  over  a  distance 
of  seven  miles.  The  other  method  is  to  keep  the  source  of  light 
constant  but  to  vary  the  intensity  of  the  beam  after  it  has  started. 
The  first  method  can,  of  course,  be  used  only  with  artificial 
sources,  while  the  second  is  applicable  to  sunlight. 

A  lens  concentrates  light  upon  a  small  spherical  mirror.  From 
this  the  light  is  reflected  so  as  to  pass  through  a  second  lens  by 
which  it  is  brought  to  a  focus  at  which  the  selenium  cell  is  placed. 
A  grid  with  strips  alternately  transparent  and  opaque  is  put  close 
to  the  first  lens  and  between  it  and  the  mirror.  A  second  grid  of 
exactly  the  same  dimensions  is  located  close  to  the  second  lens, 
between  it  and  the  mirror  and  so  that  it  coincides  with  the  image 
of  the  first  grid,  image  of  opaque  strip  upon  actual  opaque  strip. 
If  the  mirror  is  rotated  about  an  axis  parallel  to  the  grid  strips 
an  opaque  part  of  the  second  grid  may  receive  the  image  of  a 
transparent  part  of  the  first  and  vice  versa.  Thus  no  light  would 
get  through  the  second  grid.  The  needle  is  made  to  turn  about 
an  axis  by  the  lever  which  carries  a  gramophone  needle.  Thus, 
as  the  needle  moves  it  tilts  the  mirror,  which  in  turn  shifts  the 
image  of  the  first  grid  falling  on  the  second  grid  and  varying 
quantities  of  light  get  through.  The  beam  incident  on  the 
selenium  varies  the  resistance,  the  current  varies  accordingly, 
and  a  sound  is  produced  which  is  said  to  be  a  very  good  repro- 
duction of  speech.  Some  words,  e.g.,  "  four  "  and  "  five  "  cause 
very  loud  .sounds,  while  "  two  "  and  *'  three  "  produce  weak  sounds. 

With  this  arrangement  employing  a  seven-inch  lens  and  a 
"  pointolite  "  lamp  the  range  is  half  a  mile.  More  intense  sources, 
of  course,  extend  the  range.  Using  the  sunlight  the  faintest 
whisper  was  heard  at  a  distance  of  one  and  a  half  miles. 

The  sluggishness  of  selenium  in  responding  to  changes  in  the 
intensity  of  light  is  a  hindrance  to  greater  efliciency.    G.  F.  S. 


THE  UNITED  STATES  NAVAL  COMMUNICATION 
SERVICE.* 

BV 

CAPTAIN  S.  W.  BRYANT.  U.  S.  N. 

Acting  Director.  Xaval  Communication  Service.  Navy  Department. 

Mr.  Chairman  and  Gentlemen  :  I  am  sure  that  you  will 
regret  to  know  that  Admiral  BuUard,  who  was  to  deliver  this  lec- 
ture, is  unable  to  do  so  on  account  of  absence  on  duty  in  France; 
and  as  he  has  delegated  me  to  substitute  for  him,  I  shall  do  the 
best  I  can  to  outline  the  activities  of  the  Naval  Communica- 
tion Service.  i 

The  practical  use  of  radiotelegraphy  for  communication  with 
vessels  at  sea,  in  the  development  of  which  the  United  States  Navy 
was  one  of  the  pioneers,  resulted  in  the  erection  and  operation, 
by  the  Navy,  of  a  chain  of  stations  along  the  coasts  of  the  United 
States  for  communicating  with  Naval  and  merchant  vessels.  For 
several  years  the  development  was  restricted  mainly  to  material 
features  with  the  result  that  no  progress  was  made  toward 
utilizing  the  radio  facilities  that  were  available  in  a  well-thought- 
out  plan,  except,  of  course,  for  tactical  uses  in  the  Atlantic  Fleet 
where  its  development  w'as  fostered  and  great  improvements  were 
made  in  the  fleet  itself  so  far  as  related  to  the  tactical  operation  of 
naval  units.  There  were  a  number  of  coast  stations  which,  indi- 
vidually, were  excellent  so  far  as  range  and  operation  were  con- 
cerned, but  we  had  no  organization  to  coordinate  their  operation 
with  that  of  the  fleet. 

In  191 2  the  so-called  Naval  Radio  Service  was  established, 
with  Captain  Bullard  as  the  first  superintendent.  It  was  apparent 
that  the  material  progress  made  in  radio  was  at  that  time  much 
further  advanced  than  the  administrative  and  operating  features, 
so  that  efforts  were  concentrated  immediately  on  a  plan  for  the 
establishment  of  a  service  of  communication  that  would  serve  the 
needs  of  our  fleets  and  merchant  marine  to  best  advantage,  both 
in  time  of  war  and  in  time  of  peace.  We  had  a  number  of  stations 
along  our  coast  that  were  individually  very  good,  and  materially 

*  Presented  at  a  joint  meeting  of  the  Institute  and  the  Philadelphia  Section. 
American  Institute  of  Electrical  Engineers,  held  Wednesday,  October  15,  1919. 
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good,  and,  so  far  as  their  operation  was  concerned,  were  very 
good;  but  they  were  not  connected  up  in  such  a  way  as  to  serve 
the  interests  of  the  fleet  to  the  best  advantage. 

The  plan  outhned  provided  for  continuous  communication 
with  our  fleets  and  among  the  various  sub-divisions  of  the  fleets, 
as  well  as  for  the  coordination  of  all  naval  communication  facili- 
ties so  as  to  provide  a  rapid  and  reliable  interchange  of  informa- 
tion between  all  naval  organizations  afloat  and  ashore. 

The  advisability  of  combining  all  naval  "communication  activ- 
ities— that  is,  telegraph,  telephone,  cable,  etc.,  and  radio — under 
one  head  was  soon  appreciated  by  the  Navy  Department,  and  the 
name  of  this  office  of  the  department  was  changed  from  the 
"  Naval  Radio  Service  "  to  the  "  Naval  Communication  Service," 
and  it  was  placed  under  the  Chief  of  Naval  Operations  where, 
logically,  it  belonged.  It  consists  of  three  main  divisions,  vie, 
Atlantic,  Pacific  and  Philippines,  and  each  division  is  subdivided 
into  districts. 

The  Director  of  Naval  Communications  exercises  his  authority 
through  the  division  heads  (coast  superintendents),  who,  in 
turn,  direct  the  district  superintendents.  So  far  as  is  practicable, 
the  communication  districts  coincide  with  the  naval  districts,  and 
all  matters  of  an  administrative  nature  within  a  district  are  han- 
dled through  the  Commandant  of  the  district,  to  whom  the  dis- 
trict communication  superintendent  is  directly  responsible  for  the 
operation  and  administration  of  naval  communications  wMthin 
the  district. 

The  distribution  of  orders  or  instructions  and  the  dissemina- 
tion of  information  from  the  Navy  Dejjartment,  or  from  the  heads 
of  the  various  naval  units,  is  thus  provided  for  automatically.  As 
an  illustration  of  how^  this  works,  it  is  only  necessary  for  the 
Secretary  of  the  Navy  to  write  one  mes.sage.  and  if  he  wishes  the 
entire  naval  service  to  receive  it,  that  is  automatically  taken  care 
of  by  the  Communication  Service,  l-'.ach  distributing  oflice  knows 
to  whom  it  should  send  this  message  and  from  whom  to  expect 
acknowledgment.  The  acknowledgments  arc  gathered  in  to  the 
coast  superintendents,  and  eventually  to  the  communication  oflice 
in  Washington,  and  the  acknowledgement  is  delivered  directly  to 
the  Secretary.  This  same  procediu-e  mav  be  followed  by  the  com- 
mander of  any  navnl  unit  for  the  distribution  of  messages  through 
his  forces. 
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I  want  to  call  your  attention  esi>ecially  to  the  importance  that 
other  countries  have  attached  to  communications,  because  we  feel 
that  the  people  in  the  United  States  do  not  appreciate  the  import- 
ance of  a  satis  factor}'  system  of  American  world-wide  communi- 
cations ;  certainly  not  so  much  so  as  is  done  in  foreign  countries. 
The  British  have  two  routes  to  the  East  by  radio  in  addition  to 
their  cables  running  out  through  the  Mediterranean.  The  Dutch 
have  undertaken  a  ver>'  elaborate  program.  They  hope  to  have 
their  radio  station  on  the  Island  of  Curacao  communicate  across 
to  the  Dutch  East  Indies.  The  French  have  also  elaborated  their 
plans,  and  the  Belgians  have  in  process  of  erection  a  radio  station 
in  Belg-ium  that  will  communicate  direct  with  the  United  States 
and  with  their  possessions  in  the  Belgian  Congo.  This,  of 
course,  is  in  addition  to  the  cables  that  are  largely  controlled 
by  the  various  countries.  England  has  been  especially  active 
in  extending  her  communications,  and  wherever  her  communica- 
tions go  trade  follows. 

A  very  valuable  experiment  was  carried  out  by  the  Navy  De- 
partment in  ]May,  19 16,  in  which  all  the  naval  stations  within  the 
continental  limits  of  the  United  States  were  connected  up  to  a 
central  telephone  switchboard  in  the  Navy  Department,  and  by 
means  of  which  instant  telephonic  communication  could  be  had 
between  the  various  naval  stations  and  the  Navy  Department,  and 
also  among  the  stations  themselves.  This  was  made  possible 
through  the  assistance  of  the  American  Telephone  and  Telegraph 
Company,  and  its  value  later  on,  when  this  country  declared  war 
against  Germany,  was  clearly  proven.  It  was  during  this  test 
that  the  Commandant  of  the  Navy  Yard,  Mare  Island,  California, 
talked  by  telephone  to  the  commanding  officer  of  the  battleship 
Xezc  Hampshire,  which  was  then  at  sea  off  the  Virginia  Capes. 
The  Commandant's  remarks  came  by  long-distance  telephone  from 
Mare  Island  to  Arlington,  where  the  transmitting  station  was  in- 
stalled, and  from  there  out  to  the  Nczv  Hampshire  ofif  the  Vir- 
ginia Capes.  The  greatest  value  derived  from  this  experiment. 
aside  from  the  knowledge  that  such  rapid  communication  by 
telephone  was  available  to  the  Navy  Department,  was  the  fact 
that  all  of  the  apparatus  necessary  was  specially  marked  and  could 
be  placed  in  operating  condition  on  twenty-four  hours'  notice. 
As  a  result,  the  interior  communications  of  the  country,  so  far  as 
naval  needs  were  concerned,  were,  on  the  outbreak  of  w^ar.  in 
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excellent  operating  condition,  and  made  the  task  of  the  Navy 
Department,  in  communicating  its  instructions  and  orders  to  the 
various  naval  stations,  a  comparatively  simple  one  at  the  time  of 
the  declaration  of  war. 

We  have  one  cable  running  from  the  United  States  direct  to 
the  continent  of  Europe  that  does  not  touch  foreign  soil  between 
the  United  States  and  the  European  country,  and  that  is  a  direct 
French  cable  from  Cape  Cod  to  France.  All  other  cables  touch 
in  British  territory  or  in  the  Azores.  In  the  Pacific — we  have  one 
cable  to  the  Philippines — all  American ;  but  the  British  have  a 
cable  running  down  from  Vancouver  to  Australia  by  way  of  the 
Fanning  Islands.  The  communication  situation  in  the  Pacific  is 
a  very  serious  one.  The  British  control  the  cables  on  the  east 
coast  of  Brazil  from  Buenos  Aires  up  north.  The  Americans  con- 
trol them  on  the  west  coast  and  across  to  Buenos  Aires.  Every 
British  possession  practically  is  connected  by  some  means  of  rapid 
communication  with  the  mother  country. 

On  January  i,  191 7,  the  Naval  Communication  Service 
operated  fifty-five  radio  stations,  distributed  along  the  coast  of 
the  United  States  and  its  possessions.  Naval  vessels  were 
equipped  so  that  they  could  recieve  only  one  message  at  a  time. 
Not  all  of  the  American  merchant  vessels  were  equipped  with 
radio  apparatus,  some  were  equipped  with  poorly  designed  radio 
apparatus,  and  none  of  their  radio  operators  was  proficient  in 
the  procedure  of  communications  during  war.  The  Navy  had 
only  103 1  radio  operators  in  its  service. 

The  radio  technical  equipment  of  the  Navy  was  as  good  as  any 
in  general  use  in  the  United  States  at  the  time,  but  the  demands 
for  communication  proved  that  the  technical  equipment  would 
have  to  be  increased  and  improved  to  conduct  all  of  the  necessary 
communication  demanded  in  time  of  war. 

At  the  beginning  of  the  war  the  demands  for  quick  com- 
munication increased  by  leaps  and  bounds.  It  was  found  necessar>' 
to  communicate  with  ships  in  all  parts  of  the  world,  while  at  the 
same  time  to  maintain  long-distance  communications  l)etween  the 
Navy  Department  and  our  outlying  possessions  and  expeditionary 
forces.  It  was  necessary  to  maintain  continuous  and  rapid  com- 
munication between  the  Navy  Department  and  Europe.  South 
America,  Central  America,  West  Indies.  Pacific  Coast,  Hawaiian 
Islands,  Guam.  Tutuila.  and  the  Far  East.     The  most  important 
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centres  of  communications  were  at  Cavite,  P.  I. ;  Hawaiian 
Islands,  Canal  Zone,  Washington,  D.  C,  and  the  capitals  of  the 
Allied  nations  in  Europe. 

To  meet  the  demands  for  communication,  the  Navy's  facili- 
ties were  greatly  and  rapidly  increased,  and  means  were  provided 
for  collecting  and  disseminating  information  to  every  part  of 
our  coast  and  to  naval  vessels  in  Europe,  South  America,  and 
the  Far  East. 

The  Navy  took  over  and  operated  fifty-nine  commercial  sta- 
tions. At  the  same  time  the  several  privately  owned  stations 
were  closed,  including  all  the  stations  operated  by  the  amateurs, 
which  were  not  necessar}'  nor  desirable  for  use  during  the  war. 
Sixty-seven  land  radio  stations  were  built  by  the  Navy  during 
the  war,  all  equipped  with  the  best  apparatus,  thus  more  than 
doubling  its  radio  facilities  on  shore. 

Naval  vessels  were  equiped  with  improved  apparatus,  so  that 
when  the  armistice  was  signed,  battleships  were  able  to  receive 
four  messages  simultaneously  and  transmit  three.  The  Comman- 
der-in-Chief of  the  fleet  could  talk  to  the  captains  of  vessels  in 
the  fleet;  while,  at  the  same  time,  the  various  ships  of  the  fleet 
could  communicate  with  one  another.  In  addition,  and  at  the 
same  time,  airplanes  could  communicate  with  their  respective 
batdeship  units.  None  but  a  naval  officer  can  appreciate  the  value 
of  such  a  system  or  how  much  such  a  system  facilitated  the  free- 
dom of  movement  of  the  fleet. 

The  Navy  Department  equipped  all  American  merchant  ves- 
sels with  modern  apparatus  and  furnished  operators  for  them,  so 
that  these  merchant  ships  could  receive  messages  at  any  time  of  the 
day  and  transmit  messages  at  long  distances  in  case  of  distress. 

The  Na\^  had  to  train  most  of  its  radio  men  because  the 
radio  amateurs  in  this  country  were  soon  incorporated  in  the 
army  and  navy.  These  operators  were  trained  at  Harvard.  In 
June.  191 7,  there  were  350  students  under  instruction.  When 
the  armistice  was  signed  there  were  3400  men  under  instruction, 
and  operators  were  being  graduated  at  the  rate  of  about  200  a 
week.  A  total  of  about  7000  operators  completed  their  training. 
In  addition  to  the  radio  operators,  it  was  necessary  to  train 
officers  for  communication  duties  on  board  the  ships.  At  the  time 
the  armistice  w^as  signed,  each  ship  of  the  Navy  had  a  communi- 
cation officer,  and  each  merchant  ship  had  a  chief  petty  officer 


756  Captain  S.  W.  Bryant.  [J.F.I. 

who  performed  communication  duties  and,   therefore,   reHeved 
the  master  of  the  ship  from  a  very  vexatious  duty. 

The  year  before  the  war  there  was  handled  approximately 
125,000  dispatches  from  the  Navy  Department.  These  dispatches 
averaged  about  25  words  each. 

From  April  6,  1918,  to  April  6,  1919.  approximately  1,000.000 
dispatches,  of  an  average  of  about  30  words  each,  were  handled 
from  the  Navy  Department  alone.  Some  of  these  dispatches,  on 
account  of  the  necessity  of  broad-casting,  were  sent  twice  in  order 
to  insure  their  delivery. 

As  it  was  assumed  that  the  use  of  radio  apparatus  by  ships 
at  sea  enabled  German  submarines  to  ascertain  more  or  less  ac- 
curately the  movements  of  such  ships,  communication  by  radio 
from  merchant  ships  was  discontinued  except  in  case  of  emer- 
gency. Men-of-war  were  cautioned  not  to  use  their  radio  appa- 
ratus unless  necessar3^  However,  it  was  very  necessary  that 
information  should  be  received  on  shore  regarding  the  movements 
of  the  enemy,  and  that  the  consequent  orders  to  ships  at  sea  should 
be  transmitted  expeditiously.  Therefore,  in  order  to  direct  the 
movements  of  convoys,  and  to  transmit  information  to  naval  ves- 
sels regarding  the  enemy,  and  to  issue  orders  to  both  merchant 
ships  and  naval  vessels,  a  comprehensive  system  of  transmission 
from  shore  was  organized  with  the  view  of  making  it  unnecessary 
for  ships  at  sea  to  use  their  radio  apparatus. 

All  merchant  vessels  listened  for  their  orders  from  certain 
designated  shore  stations  during  certain  hours  of  the  day.  These 
messages  were  sent  by  high-power  and  low-power  stations,  de- 
pending on  the  distance  of  the  ship  from  shore.  Naval  vessels 
intercepted  messages  from  shore  stations  at  all  hours  of  the  day. 
In  order  to  send  a  message  to  a  naval  vessel  at  sea,  it  was  necessary 
only  to  transmit  from  certain  shore  stations  on  a  designated  wave- 
length. It  soon  became  evident  that  this  was  a  very  sure  means 
of  communication.  Many  times,  fifty  or  sixty  messages  were 
transmitted  to  sea  simultaneously,  all  destined  for  different  classes 
of  vessels,  and  they  were  received  by  ships  in  accordance  with 
the  plan. 

The  foregoing  system  demonstrated  that  ships  at  sea  could 
be  warned  of  mines  and  submarines,  and  their  movements  directed 
without  the  necessity  of  their  using  their  own  radio  api)aratus. 
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The  system  was  automatic  to  such  an  extent  that  it  was  ahiiost 
certain  that  a  vessel  could  be  reached  at  any  time. 

In  order  that  errors  in  this  system  might  be  eliminated  and 
in  order  that  the  Navy  Department  might  be  informed  of  the 
movements  of  vessels,  there  was  established  a  Shipping  Informa- 
tion Service.  A  confidential  bulletin  was  published  showing  the 
movements  of  all  United  States  vessels  and  as  many  foreign  ves- 
sels as  could  be  obtained.  This  information  was  collected  from 
all  the  important  ports  of  the  world  and^  the  data  printed  in  a 
booklet.  This  service  grew  to  such  an  extent  that  the  booklet 
now  contains  the  names  of  approximately  12,000  vessels,  their 
arrivals  and  departures,  character  of  cargo,  and  destinations, 
and  is  of  much  value  to  shipping  and  business  interests.  It  is  the 
present  plan  to  have  the  Naval  Communication  Service  continue 
this  publication  until  Congress  makes  other  disposition  for 
its  publication. 

In  order  to  check  the  radio  work  of  merchant  vessels,  a  com- 
prehensive system  of  inspection  was  organized,  both  in  the  United 
States  and  abroad.  Every  merchant  vessel  that  came  into  port 
received  a  thorough  inspection  of  its  radio  apparatus,  and  the 
radio  operators  were  examined  and  thoroughly  instructed.  Any 
mistake  indicated  in  the  log-books  was  investigated  and  the  oper- 
ator instructed  as  to  the  correct  method  of  handling  such  cases. 

Besides  inspections,  the  Navy  maintained  a  comprehensive 
sy.stem  both  at  home  and  abroad  of  radio  repair  stations.  Any 
radio  apparatus  on  board  ship  which  had  broken  down  was  re- 
paired when  the  ship  came  to  port. 

It  soon  became  evident  that  if  the  commander  of  the  United 
States  forces  in  Europe  was  to  rnaintain  close  touch  with  all  of 
his  forces,  it  would  be  necessary  to  establish  and  control  a  com- 
plete system  in  Europe.  To  this  end  cables  were  laid  and  land 
wires  and  radio  stations  constructed  in  France,  England  and  in 
Italy.  The  Navy  used  a  great  many  of  these  land  wires  and  cables 
that  were  constructed  by  the  Signal  Corps  of  the  Army.  Close 
cooperation  was  maintained  with  the  Allied  communication  ser- 
vices with  the  view  of  utilizing  their  systems  whenever  possible 
and  with  the  view  of  avoiding  duplication  of  efifort. 

During  the  war  it  was  found  necessary  to  maintain  radio  com- 
munication between  the  United  States  and  our  naval  and  military 
forces  in  Europe  and  in  other  parts  of  the  world..    In  October. 
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191 7,  the  Allied  military  and  naval  officials  had  a  conference  to 
determine  the  best  methods  of  operations  that  were  to  be  used  in 
maintaining  communication  between  the  United  States  and 
Europe  in  case  the  cables  were  either  cut  by  the  enemy  or  other- 
wise placed  out  of  commission. 

It  was  decided  that  the  United  States  would  use  the  radio 
stations  at  New  Brunswick,  Annapolis,  Tuckerton  and  Sayville 
for  transmission  purposes;  but  at  this  time  none  of  these  stations 
was  in  reliable  communication  with  Europe  at  all  times  of  the  day 
and  year.  Therefore,  it  was  necessary  to  increase  the  power  of 
Tuckerton  and  Sayville  and  to  place  more  modem  apparatus  in 
New  Brunswick.  The  radio  station  at  Annapolis  had  not  l)een 
completed,  and  orders  were  given  to  rush  the  construction.  There 
were  only  two  transatlantic  receiving  stations,  vh.,  one  at 
Chatham,  Mass.,  and  one  at  Belmar,  N.  J. 

In  Europe  the  only  radio  stations  available  for  use  in  trans- 
oceanic communication  were  those  at  Rome,  Italy ;  Lyons,  France ; 
and  Carnarvon,  Wales.  Of  these  stations,  the  one  at  Lyons, 
France,  was  the  only  one  able  to  communicate  satisfactorily  with 
the  United  States. 

None  of  these  stations  was  equipped  with  high-speed  appa- 
ratus, and  none  was  equipped  in  such  a  way  as  to  avoid  inten- 
tional interference  from  radio  stations  in  Germany  and  the  sys- 
tems of  operation  and  control  were  not  such  that  large  volumes  of 
traffic  could  be  handled. 

At  first  it  was  decided  that  all  messages  from  Europe  destined 
to  the  United  States  would  be  sent  during  certain  hours  of  the  day 
from  Lyons,  and  if  possible  from  Rome  and  Carnarvon.  Alessages 
from  the  United  States  destined  for  Europe  were  to  be  transmit- 
ted from  New  Brunswick,  Sayville,  Tuckerton,  and  as  soon  as 
possible  from  Annapolis  during  the  remaining  hours  of  the  day. 
In  the  beginning  this  system  was  capable  of  handling  only  a  com- 
iparatively  few  important  messages.  Later,  when  it  became 
evident  that  the  Germans  were  making  some  attempt  to  cut  cables 
off  the  coast  of  the  United  States,  it  was  decided  to  erect  another 
high-power  .station  in  France.  In  the  meantime,  improvements 
were  l)eing  made  at  Lyons  and  Rome.  The  key  was  in  the  Navy 
Department  for  transmis.sion  from  Sayville.  Tuckerton.  New 
Brunswick  and  Annapolis. 

New  improvements  in  organization   and   operating   methods 
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were  made  both  in  the  United  States  and  in  Europe,  resulting  in 
a  centralized  control  of  four  United  States  high-power  radio  sta- 
tions from  the  Nslvy  Department.  A  receiving  station  was  con- 
structed at  Bar  Harbor.  Maine,  which  proved  to  be  one  of  the 
best  receiving  stations  in  the  United  States.  The  receiving  sta- 
tions at  Chatham  and  Belmar  were  not  used,  as  they  were  not 
necessary.  The  power  of  the  radio  stations  at  Tuckerton,  Say- 
ville  and  New  Brunswick  had  been  increased.  At  the  time  the 
armistice  was  signed,  the  United  States  system  was  capable  of 
handling  several  thousand  words  per  hour,  and  the  whole  trans- 
oceanic svstem  was  able  to  transmit  and  receive  messages  simul- 
taneously without  fear  of  intentional  interference  from  Germany's 
high-power  radio  stations.  Also,  just  before  the  armistice  was 
signed,  experiments  in  high-speed  transmitting  and  photographic 
reception  had  begun.  Had  it  been  necessary,  the  transatlantic 
radio  service  would  have  been  capable  of  handling  all  of  the 
Government  traffic  between  pAirope  and  the  United  States. 

When  the  United  States  entered  the  war  it  was  noticed  that 
the  Central  Powers  were  conducting  a  comprehensive  scheme  of 
propaganda  by  wireless.  Counteracting  this  were  the  systems 
operating  from  France  and  England.  The  United  States  had  no 
means  of  distributing  American  news  throughout  the  world. 
Therefore,  it  was  decided  to  use  the  transoceanic  system  of  the 
Navy  to  distribute  news  of  a  reliable  nature  from  the  United 
States.  The  transatlantic  stations  transmitted  this  press  news  to 
Europe  and  South  America.  Naval  vessels  in  South  America  re- 
ceived the  press  and  distributed  it  to  the  local  papers  in  those 
countries.  The  European  news  was  distributed  by  Admiral  Sims' 
headquarters  and  redistributed  to  the  various  capitals  of  Europe, 
including  points  in  Russia.  The  Central  American  news  was 
broadcasted  from  the  Navy's  high-power  station  in  the  Canal 
Zone,  and  was  received  in  the  northern  part  of  South  America  and 
Central  America  and  Mexico.  News  was  distributed  to  the  Philip- 
pines. Japan,  China  and  Siberia,  through  the  Navy's  transpacific 
high-power  stations.  These  reports  were  received  in  the  Philip- 
pines, Shanghai,  Vladivostok  and  Japan,  and  distributed  to  the 
local  papers  in  those  countries. 

During  the  war  it  was  found  exceedingly  difficult  to  locate 
persons  in  the  United  States  who  were  using  radio  apparatus 
unlawfully.     Also,  when  the  German  submarines  began  opera- 
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tions  off  the  United  States  in  June,  1918,  it  was  found  that,  al- 
though the  radio  signals  of  the  submarines  were  intercepted  by 
naval  radio  stations  along  the  coast,  there  were  no  efficient  devices 
by  which  the  exact  location  of  the  submarines  could  be  ascer- 
tained from  their  radio  signals. 

It  was  found  that  enemy  submarines  used  their  radio  appa- 
ratus promiscuously,  and  that  they  operated  in  pairs  in  order  that 
they  could  fix  the  position  of  their  prey  by  means  of  bearings. 
Such  procedure  necessitated  the  use  of  radio. 

In  order  to  counteract  the  foregoing  situation,  the  Navy  devel- 
oped a  comprehensive  system  of  radio  compasses,  by  means  of 
which  the  bearing  or  direction  of  the  enemy's  signals  could  be 
obtained.  Also,  all  signals  were  copied  so  that  every  time  a 
message  was  sent  the  Navy  could  trace  it.  Shortly  afterwards, 
it  was  noted  that  the  submarines  did  not  use  their  radio,  and  it 
is  believed  that  the  Navy's  shore  radio  compass  system  robbed 
the  enemy  of  a  vital  weapon,  as  the  radio  compass  not  only  made 
it  dangerous  for  the  enemy  to  use  their  radio  for  communication 
purposes  between  one  another,  but  also  prevented  them  from 
using  it  for  sending  decoy  distress  messages. 

Later  the  Secretary  of  the  Navy  "  in  a  plan  to  hasten  the 
progress  of  troopships  "  authorized  the  construction  of  fifteen 
additional  radio  compass  stations,  making  a  total  of  thirty-four 
on  the  Atlantic  and  Gulf  Coasts.  These  radio  compass  stations 
were  at  harbor  entrances  and  enabled  ships  at  sea  to  enter  port 
without  consequent  delays  due  to  thick  weather  and  fog.  This 
was  a  very  important  item  in  the  war  as  even,-  minute  counted 
in  a  ship's  voyage. 

After  the  armistice  was  signed,  the  Secretary  authorized  the 
construction  of  twenty-four  more  radio  compass  stations,  which 
made  a  grand  total  of  fifty-eight  in  the  United  States,  and  which 
are  to  be  used  as  aids  to  navigation  during  time  of  peace. 

The  technical  bureaus  of  the  Navy  Department  kept  pace  with 
the  operating  departments  in  their  advance  in  the  art  of  radio 
cominnnication  rind  in  cooperation  with  tlic  radio  engineers  of  the 
country  accomplished  some  remarkable  developments  in  radio 
during  the  war. 

Efficiency  in  high-power  transmission  was  increased  from  30 
to  go  per  cent.  Not  only  was  greater  efficiencv  arrived  at  with 
lower  cost,  but  the  power  of  transmission  was  increased.     For 
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example,  the  radio  station  at  Bordeaux,  France,  which  is  being 
constructed  under  the  auspices  of  the  Navy  Department,  has  an 
input  of  1000  kilowatts.  Its  range  is  estimated  to  be  12,000 
miles.     It  has  eight  820-foot  towers. 

There  was  an  increase  in  speed  of  transmission  from  about 
30  words  a  minute  to  100  words  a  minute  in  actual  practice,  and  to 
about  300  words  a  minute  in  prearranged  tests.  One  of  the  diffi- 
culties in  high-power  stations  was  the  sleet  on  the  antennae. 
Methods  have  been  arrived  at  by  which  sleet  is  now  prevented 
from  accumulating  on  the  wires  of  the  antennae. 

The  valve  has  been  developed  from  a  non-oscillating  detector 
to  an  oscillating  transmitter.  It  is  possible  to  receive  radio 
signals  by  the  beat  method  and  to  transmit  signals  from  the  valves 
at  comparatively  long  distances.  The  valve  is  used  also  in  the 
transmission  of  speech,  and  is  very  efficient  for  this  purpose. 

Another  feature  of  valve  transmission  is  that  it  permits  of 
ver}-  sharp  tuning,  which  in  turn  permits  simultaneous  transmis- 
sions from  a  great  many  stations.  It  is  believed  that  it  will  be 
developed  in  the  future  to  such  an  extent  that  it  will  replace  most 
of  the  existing  low-power  transmitters. 

Another  feature  of  the  valve  is  that  its  life  has  increased 
from  5  hours  to  over  5000  hours,  which  is  a  very  important  item 
in  the  expense. 

Great  improvements  have  been  made  in  receiving  apparatus  in 
that  they  are  more  selective,  and  directive  receiving  has  in- 
creased in  efficiency  from  o  to  75  per  cent.  The  old  type  of  over- 
head antenna  is  being  rapidly  replaced  by  the  use  of  balanced 
loops  and  underground  wires,  radio  phase  changers,  and  low 
horizontal  wiring. 

It  is  now  possible  to  receive  signals  on  submarines  while 
submerged  at  depths  of  20  feet,  from  shore  stations,  aircraft 
overhead,  and  ships  afloat.  This  system  was  used  to  advantage 
in  directing  our  submarines  ofif  our  coast  when  they  were  hunt- 
ing for  enemy  submarines. 

Another  improvement  has  been  made  in  the  radio  compass, 
which  was  used  at  first  for  detecting  the  positions  of  enemy 
submarines,  but  is  now  developed  into  an  aid  for  navigation. 
With  properly  trained  personnel,  the  Navy  is  now  able  to  give 
ships  their  positions  without  any  large  error.  This  will  be  a  great 
boon  to  our  merchant  marine  because  it  eliminates  the  delays 
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caused   by    fog  and  thick  weather,   besides   making  navigation 
generally  more  safe  along  the  coast. 

An  interesting  experiment  was  carried  on  in  San  Francisco 
from  the  naval  station  at  Goat  Island  during  a  recent  visit  of  the 
Pacific  Fleet  to  that  port.  A  radio  telephone  was  installed  on 
Goat  Island,  in  San  Francisco  Harbor,  and  connected  by  land 
wire  to  the  telephone  company's  switchboard  in  San  Francisco. 
A  man  on  board  ship  was  thus  able  to  talk  to  his  friends  on 
shore  in  any  part  of  the  city.  Also,  this  friend  on  shore  could 
call  up  the  ship  from  his  home.  This  means  of  communication 
with  the  fleet  l^ecame  a  popular  fad  in  San  Francisco  during  the 
stay  of  the  fleet. 

The  foregoing  developments  are  just  an  indication  of  the 
possibilities  of  the  use  of  radio  communication  in  the  future. 

If  the  general  public  of  the  United  States  is  to  receive  the 
best  sort  of  service  in  radio  communication,  it  will  be  necessary 
for  some  central  controlling  agency  to  regulate  the  matter.  There 
are  so  many  different  private  services  that  naturally  wish  to  have 
radio  communication  that  the  only  solution  is  to  have  it  regulated 
by  some  central  authoritative  agency.  For  example,  we  have  heard 
that  a  man  in  Waco,  Texas,  desires  to  build  a  radio  station  to  com- 
municate with  another  radio  station  in  Boston.  This  service  is 
for  his  private  use.  Another  man  desires  to  communicate  between 
Detroit,  Mich.,  and  Los  Angeles,  California.  This  is  also  a 
private  service.  Another  man  wishes  to  communicate  l)etween 
Philadelphia  and  New  York.  This  is  a  private  service,  .\nother 
man  wishes  to  communicate  between  Chicago  and  St.  Louis. 
This  is  a  private  service.  Multiplicity  of  such  private  service 
will  soon  demonstrate  to  the  pul)lic  that  the  best  use  of  radio 
communication  is  being  handicapped.  The  man  who  has  the  circuit 
from  Waco,  Texas,  to  Boston  may  receive  interference  from  the 
man  who  has  a  circuit  from  Detroit  to  Los  Angeles.  The  man 
who  has  the  service  from  Chicago  to  St.  Louis  may  receive  inter- 
ference from  the  man  who  has  a  service  from  Detroit  to  Los 
Angeles.  Unless  there  is  some  central  regulating  body  which  has 
the  power  to  regulate  the  use  of  radio  in  accordance  with  the 
development  of  the  art,  it  is  believed  that  the  future  demand  for 
radio  communication  will  l)e  limited,  and  in  con.sequence  the  art 
will  not  progress  as  much  as  it  would  if  it  were  properly  fostered 
and  regulated.    The  extensive  use  of  radio  in  Furopcan  countries 
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by  the  Allied  armies  aiul  navies  with  the  consequent  experience 
gained  has  demonstrated  this  fact. 

To  illustrate  how  a  naval  communication  district  acts.  I  should 
like  to  take  as  an  example  the  Third  Naval  District,  which  ex- 
tends from  Rhode  Island  to  Barnegat  Inlet,  and  in  which  there  are 
eight  coastal  ratlio  stations  which  are  located  as  follows :  Montauk, 
L^  I. ;  Fire  Island,  L.  I. ;  Rockaway  Ikach,  L.  I. ;  Sea  Gate,  N.  Y. ; 
Bush  Terminal.  N.  Y. ;  Navy  Yard,  N.  Y. ;  Mantoloking,  N.  J., 
and  New  London.  Conn.  There  are  also  five  radio  compass 
stations  located  as  follows :  Montauk  Point,  L.  I. ;  Fire  Island, 
L.  I. ;  Rockaway  Beach,  L.  I. :  Sandy  Hook,  N.  J.,  and  Mantolok- 
ing. N.  J.  These  radio  and  compass  stations  are  all  controlled  from 
one  Central  Control  Station,  located  at  No.  44  Whitehall  Street, 
New  York  City,  at  which  place  are  also  the  offices  of  the  District 
Communication  Superintendent.  Direct  wires  from  each  of  these 
stations  lead  into  the  Central  Control  Station,  and  by  means  of 
a  plug-board  arrangement  similar  in  type  to  that  used  by  the 
telephone  companies,  any  one  of  these  stations  may  be  used  as 
a  transmitter  by  the  operator  on  watch  at  the  control  station. 

The  control  station  is  divided  into  a  number  of  booths  which 
are  magnetically  shielded  from  one  another  and  which  contain 
receiving  apparatus  of  the  most  up-to-date  type.  Each  booth  is 
given  a  wave-length  which  the  operator  on  watch  must  guard. 
There  is  no  transmitting  apparatus  at  this  control  station,  all 
transmitting  being  done  by  means  of  distant  control  through  one 
of  the  other  stations  mentioned  above.  Therefore,  if  the  operator 
on  watch  at  600  metres  receives  a  call  and  desires  to  answer,  he 
promptly  plugs  in  on  a  W'ire  to  any  station  he  may  decide  to  use 
and  transmits  via  that  station.  He  is  listening  all  the  time  to 
what  he  is  sending  and  should  he  hear  a  distress  signal,  he  could 
instantly  stop  and  give  his  attention  to  the  distress  call. 

A  chief  electrician  (radio)  is  on  duty  at  this  control  sta- 
tion as  supervnsor  of  traffic.  On  his  desk  he  has  a  receiver  which 
enables  him  to  listen  in  and  keep  check  on  the  traffic  being  handled 
on  the  various  wave-lengths,  and,  from  time  to  time,  gives  orders 
to  the  various  operators  and  stations  so  as  to  avoid  interference. 
Such  a  system  of  supervision  w-as  found  necessary  in  order  to 
overcome  some  of  the  difficulties  brought  about  by  the  large  in- 
crease in  radio  traffic  about  the  port  of  New  York.  The  excel- 
lent manner  in  which  this  system  functions  locally  about  the  port 
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of  Xew  York  is  another  illustration  of  the  neecssity  of  radio 
supervision  by  one  central  controlling  agency. 

All  the  stations  in  the  Third  Naval  District,  however,  are  not 
at  all  times  controlled  from  the  Central  Control  Station.  If 
traffic  warrants  it,  some  outlying  station,  such  as  Montauk  or 
Fire  Island,  is  given  orders  by  the  supervising  electrician  to 
handle  traffic  independently.  At  such  times,  the  outlying  stations 
are  practically  acting  as  agents  for  the  control  station. 

The  great  advantage,  besides  regulating  radio  traffic  and 
cutting  down  the  amount  of  interference,  is  that  should  any  of 
the  stations  in  the  district,  or  the  control  station,  hear  a  distress 
call,  or  any  other  emergency  arises,  the  control  station  can  im- 
mediately notify  all  stations  to  stop  sending,  which  will  leave 
the  air  clear  so  that  the  emergency  may  l>e  taken  care  of.  The 
ability  to  stop  all  stations  in  the  district  instantly  is  an  absolute 
necessity  in  time  of  war  and  proved  itself  of  much  value  during 
the  time  the  German  submarines  were  active  along  the  Ameri- 
can coast. 

The  radio  compass  stations  are  controlled  in  a  manner  sim- 
ilar to  the  radio  transmitting  stations  in  the  Third  Naval  Dis- 
trict. Each  compass  station  in  the  district  is  connected  with 
the  Compass  Control  Station  at  No.  44  Whitehall  Street,  New 
York  City  (which  is  in  the  same  room  with  the  Radio  Control 
Station)  by  means  of  direct  wires.  The  cc^mpass  stations  are 
not  equipped  with  transmitters,  and.  therefore,  never  work  inde- 
pendently of  the  Control  Station,  but  forward  all  their  bearings 
to  the  supervising  operator.  The  procedure  followed  by  a  vessel 
which  desires  her  position  is  as  follows  : 

The  vessel  calls  "  NAH,"  the  call  letters  of  Navy  Radio  New- 
York,  signing  off  with  the  ship's  call  letters,  followed  by  the 
international  radio  abbreviation  "  GTE."  meaning.  "  What  is  my 
true  bearing?"  or  with  "  QTF."  meaning,  "What  is  my  posi- 
tion?" When  this  signal  is  heard  by  the  radio  operator  on 
watch,  the  compass  supervisor  is  immediately  informed  and  he, 
by  means  of  a  master  key  which  controls  all  wire  circuits  to  the 
compass  stations  simultaneously,  notifies  the  compass  stations 
that  the  ship  is  calling  for  bearings  and  gives  the  wave-length  by 
which  the  ship  will  transmit.  'I"he  r.idio  operator  in  the  mean- 
while has  acknowledged  the  ship's  call  and  instructed  the  ship  to 
tran-^mit  bv   .'^endinir  dashes  on   whatever  wave-length  he  may 
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specify.  The  compass  supervisor,  \vho  also  listens  in  to  the 
radio  signals,  gives  a  signal  on  the  wires  leading  to  the  stations 
when  the  ship  commences  to  send  dashes,  or,  in  other  words,  tells 
all  stations.  "  There  he  is  now."  All  live  stations  in  the  district 
then  take  bearings  on  the  ship  which  is  transmitting,  and  when 
the  siiper\-isor  calls  for  same,  forward  thein  to  the  Control  Station 
on  the  wire.  The  supervising  operator  enters  upon  a  specially 
prepared  radio  blank  the  bearings  obtained,  and  before  transmit- 
ting these  bearings  to  the  vessel  plots  them  on  a  chart  specially 
prepared  for  this  purpose,  noting  whether  a  good  fix  was  ob- 
tained. If  the  bearings  obtained  were  good,  he  turns  over  the 
radio  blank  with  bearings  on  it  to  one  of  the  radio  operators,  who, 
in  turn,  transmits  it  to  the  vessel.  If  the  bearings  obtained  are 
poor,  as  shown  by  plotting  them  on  the  chart,  the  compass  super- 
visor informs  the  radio  operators,  who  request  the  vessel  to  repeat, 
in  order  that  a  new  set  of  bearings  may  be  obtained. 

The  average  time  required  to  obtain  the  bearings  and  forward 
them  to  a  vessel  is  between  three  and  four  minutes.  In  thick 
weather  there  are  many  calls  for  radio  bearings,  and  the  five 
stations  in  the  Third  Naval  District  are  kept  busy.  It  is  always 
the  desire  of  the  supervising  compass  operator  to  obtain  bearings 
from  as  many  stations  as  possible,  in  order  to  note  whether  they 
all  check.  If  bearings  can  be  obtained  from  three  or  four  sta- 
tions and  these  bearings  all  intersect  at  one  point,  he  is  then 
reasonably  certain  that  the  bearings  obtained  are  accurate. 

A  means  of  checking  radio  compass  stations  has  been  devised 
in  the  Third  Xaval  District  and  placed  in  operation  there.  By 
close  cooperation  with  the  Navy  Route  Office,  Custom  House, 
Xew  York,  where  all  masters  of  vessels  call  for  information  re- 
garding shipping,  much  data  has  been  obtained  which  has  proven 
itself  useful  in  compiling  efficient  curves  and  records  of  the  be- 
havior of  the  radio  compass  stations.  This  system  has  been 
developed  in  order  to  be  able  to  tell  at  a  glance  how  each  station 
behaves  and  what  the  average  error  is  in  20-degree  sectors.  It 
has  been  found  that  in  some  sectors  the  compass  may  read  minus. 
while  in  another  sector  it  may  read  normal  or  plus.  With  such 
data  on  hand  it  is  comparatively  easy  to  make  tests  and  recali- 
brate stations,  as  it  is  already  known  in  what  directions  and  by 
how  much  the  station  is  off.  Such  a  system  is  especially  valuable 
in  view  of  the  ease  with  which  a  radio  compass  may  be  influenced 


766  Captain  S.  W.  Bryant.  [J-  F.  I. 

either  by  change  in  a  position  of  the  apparatus,  sHpping  of  the 
compass  dial,  or  due  to  disturbing  influences  in  the  vicinity  of  the 
station,  such  as  telephone  wires,  etc. 

I  just  want  to  say  a  word  in  regard  to  the  personnel  employed 
at  these  radio  compass  stations.  You  have  seen  a  photograph  of 
the  kind  of  place  they  have  to  perform  their  duties  in,  and  most 
of  the  stations  are  in  similar  isolated  places.  In  the  winter  time, 
especially,  there  is  quite  a  strain  on  the  operator,  and  they  deserve 
much  credit  for  the  service  they  have  rendered.  They  have  to  sit 
quietly  in  a  small  hut  on  some  lonesome  beach,  listening  continu- 
ally for  vessels  on  which  to  obtain  bearings,  in  order  that  navi- 
gation may  be  made  less  dangerous  and  life  and  property  at  sea 
be  safeguarded.  One  of  the  greatest  drawbacks  to  the  present 
radio  compass  installations  is  that  so  much  depends  upon  the 
human  element.  What  is  badly  needed,  and  which  will  un- 
doubtedly be  developed  in  the  very  near  future,  is  an  indicating 
instrument  for  use  in  connection  with  loops.  When  such  an  in- 
strument has  been  devised,  it  will  be  quite  simple  and  more 
accurate  to  obtain  bearings  on  any  radio  station.  At  present  very 
much  depends  upon  the  operator's  acuteness  of  hearing  and  judg- 
ment, and  as  long  as  such  is  the  case,  absolutely  perfect  bearings 
cannot  be  guaranteed. 

I  want  tO'  call  attention  to  the  flexibility  of  the  Naval 
Communication  Service  and  cite  as  an  instance  the  flight  of  the 
NC-4.  A  message  was  transmitted  from  the  Navy  Department 
to  the  plane  during  its  transatlantic  flight,  a  reply  was  received 
from  the  plane,  and  this  reply  was  transmitted  to  London,  Paris, 
San  Francisco  and  the  Canal  Zone,  and  an  acknowledgment  re- 
ceived from  those  stations,  all  within  three  minutes  of  the  time 
of  beginning  the  first  transmission  to  the  plane  from  the  Navy 
Department.  Of  course,  every  one  was  very  much  interested  in 
the  flight  and  the  stations  were  all  very  keen  to  give  the  very  best 
service,  but  this  remarkably  raj)i(l  operation  was  even  a  little 
better  than  we  had  anticipated. 

During  the  Peace  Conference  the  Naval  Communication  Ser- 
vice handled  all  of  the  radio  communication  for  the  American 
delegation.  During  the  past  summer,  at  the  request  of  the  Ameri- 
can Relief  Association,  the  commander  of  our  naval  forces  in 
European  waters  put  the  Naval  Communication  Service  personnel 
on  land  lines,  handling  the  Relief  Association  messages  through- 
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out  certain  countries  in  Europe,  and  they  are  now  handling  that 
ser\-ice  and  will  continue  to  handle  it  until  peace  is  finally  pro- 
claimed. This  involves  a  complete  communication  system  in 
central  Europe,  and  gives  the  Navy,  as  well  as  the  American 
Relief  Association,  a  communication  system  between  its  London 
headquarters  and  Paris.  Germany,  Poland,  Belgium,  Italy, 
Austria-Hungary  and  Turkey. 

The  Communication  Office  of  the  Navy  Department  has  han- 
dled during  the  last  year  the  following  messages : 

Sent  to  Europe  by  Xavy  Department    16,910 

Sent  to  Europe  by  other  Departments   3,645 

Sent  to  home  waters  by  Operations    22,870 

Sent  to  home  waters  by  bureaus  and  other  departments 35i,Si6 

Received  from  Europe  by  Navy  Dept.  for  Navy  23,034 

Received  from  Europe  by  Navy  Dept.    for   other   depts 3.893 

Received  from  home  waters    to    Operations    49,950 

Received  from  home  waters  to  bureaus  and  other  depts 717,313 

Total 794,190 

Grand    Total    1,189,131 

Grand  Total  number  words  at  60  words  per  dispatch  71,347,860 

The  foregoing  total  was  handled  as  follows  : 

By    Costal    Radio    1,621,542 

By  High  Power  Radio,  Transatlantic  and  Continental   16,215,423 

By  Leased  Wire,  Western  Union  and  Postal  53,500,895 

The  above  figures  are  exact,  except  the  Bui^eau  dispatches, 
which  are  approximate  and  are  based  on  the  daily  ratio  of  bureau 
dispatches  to  others  during  the  last  five  months  since  an  accurate 
record  has  been  kept. 

You  will  note  that  there  were  approximately  71,350,000 
words  handled  by  the  Naval  Communication  Service.  The  high- 
power  radio  handled  approximately  16,000,000.  The  leased  wires 
handled  approximately  53,000,000,  and  the  coastal  stations 
handled  about  1,500,000. 

During  the  period  of  demobilization  a  very  large  commercial 
business  was  done  with  returning  transports,  some  of  the  larger 
transports  handling  fifteen  hundred  messages  in  a  single  month, 
the  men  wishing  to  send  messages  to  their  friends  at  home.  In 
order  to  encourage  this  use  of  radio  by  returning  troops,  free 
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service  was  accorded  military  personnel  and  civilian  employees 
of  the  Government  in  so  far  as  the  ship's  sending  charges  were 
concerned.  Of  course,  this  served  to  increase  the  traffic  and 
afforded  the  men  a  chance  to  communicate  with  their  families. 

During  the  period  of  the  war  and  until  April  i,  19 19,  prac- 
tically no  revenue  was  obtained  from  traffic  with  foreign  ships. 
This  was  due  to  the  fact  that  up  until  that  time  no  personal  mes- 
sages were  allowed  and  Allied  countries,  with  one  exception,  had 
agreed  to  handle  messages  for  Allied  ships  free  of  cost  as  regards 
shore  station  tolls.  Pre-war  charges  were  placed  in  effect  for 
United  States  shore  stations  on  April  i.  19 19,  and  foreign  ships 
were  charged  regular  shore  station  tolls. 

Owing  to  the  congestion  of  the  Pacific  cables,  the  Naval  Com- 
munication Service  reopened  the  transpacific  circuit  to  Japan 
and  the  Philippines  on  December  19,  1918.  This  service,  so  far 
as  Japan  was  concerned,  took  the  place  of  the  service  inaugurated 
by  the  Marconi  Company  about  three  months  previous  to  the  out- 
break of  the  war,  the  Navy  carrying  out  the  agreement  as  to  tolls 
between  San  Francisco,  Pearl  Harbor,  and  Japan.  Owing  to  the 
large  volume  of  Government  business  this  traffic  was  restricted  to 
full-rate  business  only. 

In  November,  19 18,  the  telegraph  and  telephone  division  was 
in  charge  of  a  lieutenant-commander,  with  five  officers,  twelve 
chief  petty  officers  and  an  enlisted  personnel  of  about  one  hundred 
and  thirty.  The  telegraph  system  of  the  Navy  Department  at 
that  time  included  wires  from  Galveston,  Texas,  to  Bar  Harbor, 
Maine.  The  leased  telephone  wires  of  the  Navy  Department 
extended  from  Norfolk,  Virginia,  to  Portsmouth,  N.  H.,  there 
being  seven  private  telephones  from  the  Department  to  New 
^'ork  alone.  The  telegraph  office  of  the  Navy  Department  was 
handling  4000  messages  a  day  and  the  Navy  telephone  exchange 
was  handling  18,000  telephone  calls  per  day. 

At  the  time  of  the  armistice,  the  Daily  Shipping  Bulletin, 
which  I  think  I  referred  to  previously,  was  being  printed  on  a 
hand  ]:)ress  and  about  300  copies  a  day  were  being  distribntod.  It 
was  very  roughly  made  up  and  had  not  assumed  any  i)crmanent 
form.  The  ])ersonncl  consisted  of  three  officers  and  about  100 
enlisted  men. 

By  ]ulv  I.  T919.  the  circulation  of  the  Daily  Shijjping  P)Ulletin 
had  grown  to  nearly  2000  copies  a  day.      It   was  being  printed 
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on  a  power  press  and  had  assumed  a  standard  form.  Of  its  total 
circulation  nearly  1400  were  commercial  firms,  such  as  shippini^ 
companies,  marine  underwriters,  ship  brokers,  exporters  and  im- 
porters, press  associations,  etc.  The  lUilletin  contained  the 
names  of  12,500  siiijjs  with  news  of  their  latest  movements  and  the 
record  of  nationality,  rei^ister.  tonnage  and  cargo.  The  popular 
tlemand  for  the  r>ulletin  is  growing  daily  and  its  success  as  a 
government  activity  is  assured.  Arrangements  are  under  way 
to  establish  a  permanent  civil  service  personnel  for  the  opera- 
tion of  the  Bulletin  to  replace  the  enlisted  personnel  whose 
enlistments  will  expire  or  whose  service  in  the  reserve  force 
will  terminate. 

The  censorship  of  all  cables  was  controlled  from  this  office 
through  the  following  branch  offices  : 

Personnel 
Nov.  II.  1918     June  30.  1919 

Brazil     9  o 

Guam     5  o 

Guantanamo    Bay    3  o 

Galveston    17  0 

Honolulu    17  o 

Cape    Haitien    i  o 

Key    West    9  0 

Lisbon    i  0 

N'ew    Orleans    12  o 

Xew  York   760  7^ 

Paris    I  0 

Ponce     3  0 

Panama   8  0 

San  Antonio 7  0 

St.   Croix    

Havana    

San  Domingo  and  Puerta  Plata   5  o 

San  Diego    i  o 

San  Juan 9  o 

San  Francisco  151  0 

St.  Thomas    3  0 

Seattle    5  o 

London    i  o 

Chief  Cable  Censor    103  4 

On  April  i8,  1919,  by  executive  order,  the  censorship  on  all 
cables  w'as  removed  from  all  messages  except  those  addressed  to 
or  from  German  territory.    This  act  greatly  reduced  the  activities 
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of  the  section  and  all  branch  offices  except  Washington  and  Xew 
York  were  closed.  On  July  23,  19 19,  all  censorship  of  cables 
was  removed  and  this  section  rapidly  completed  its  most  im- 
portant duties. 

In  closing,  I  would  like  to  say  that  we  are  trying  to  get  the 
people  in  the  United  States  to  appreciate  the  value  of  communica- 
tions, and  we  feel  that  every  foreign  country  of  consequence — 
England,  Germany,  France,  Italy,  Belgium,  and  Holland — ap- 
preciate the  great  importance  of  communications  and  of  having 
a  system  of  communications  over  which  they  have  control ;  but 
it  seems  that  the  people  in  this  country  have  not  fully  realized 
the  benefits  to  commerce  that  will  naturally  follow  if  we  do  have 
an  efficient  communication  service  with  foreign  countries,  or 
such  a  service  to  those  countries  with  which  American  commer- 
cial interests  wish  to  do  business. 

In  the  Pacific,  one  of  the  most  vital  considerations  at  present 
is  getting  reliable  news  from  the  Far  East  into  the  United  States, 
and  from  the  United  States  into  the  Far  East.  The  attitude  in 
China  toward  Americans  is  one  that  could  not  be  better;  their 
feeling,  as  expressed  to  me  by  people  who  have  recently  been  in 
China,  is  one  of  the  deepest  friendship  for  us,  and  the  question 
of  establishing  communication  with  them  and  of  getting  reliable 
and  recent  news  to  and  from  China  is  one  of  the  most  important 
(|uestions  of  the  day.  and  I  wish  to  emphasize  the  point  that  if 
there  is  any  way  of  impressing  upon  every  American  the  neces- 
sity for  communications  and  the  interest  that  the  United  States 
should  take  in  it  and  in  its  development,  and  in  fostering  the 
development  of  high-power  radio  or  cables,  it  is  a  patriotic 
duty  to  do  so. 

Manufacture  of  Acetic  Acid  from  Acetylene. — In  an  article  on 
organic  mercury  comi)()unxls  F.  C.  Wiht.mokk  {Chemical  BiiUetm, 
Chicago,  vol.  vi,  pp.  164-165,  1919)  rcport.s  that  acetic  acid  is  now 
made  from  acetylene  with  success  on  a  commercial  scale.  Acety- 
lene reacts  with  mercuric  salts  to  form  an  organic  compound  of 
mercury,  the  exact  composition  of  which  is  uncertain.  Acids 
react  with  this  compound  to  form  acclaldehyde.  In  the  connner- 
cial  process  acetylene  is  passed  through  a  series  of  baths  contain- 
ing mercuric  sulphate,  sulphuric  acid,  and  glacial  acetic  acid. 
The  supply  of  water  is  so  regulated  that  only  that  required  for 
the  reaction  is  present.  Acetaldchydc  is  evolved  in  a  steady 
stream,  and  is  then  oxidized  to  acetic  acid  by  means  of  the  oxy- 
gen of  the  air  in  the  presence  of  a  catalyst.  J.  S.  H. 


A  MULTIPLE-TUBE  MANOMETER.* 


A.  F.  ZAHM,  Ph.D. 

Bureau  of  Construction  and  Repair,  Navy  Department. 

Preface. — For  the  measurement  of  pressure  distribution  over 
aerodynamic  models,  it  is  convenient  to  have  a  manometer  com- 
posed of  numerous  tubes  arranged  side  by  side  and  adjustable  to 
various  sensibilities.  Figs,  i  and  2  give  the  external  appear- 
ance of  such  an  instrument  developed  in  the  Aerodynamical  Labo- 
ratory of  the  Bureau  of  Construction  and  Repair,  early  in  191 /. 

Description  of  Instrument. — A  cylindrical  alcohol  tank  ro- 
tatable  in  axial  l>earings  carries  at  one  end  a  tee-shaped  pipe  which 
supports  a  bank  of  twenty  glass  tubes  mounted  on  a  graduated 
metal  plate.  The  glass  tubes  are  sealed  in  sockets  opening  into 
the  bottom  branch  of  the  tee.  and  are  extended  above  the  top 
branch  by  brass  nipples  for  connection  with  rubber  tubes 
leading  to  the  aerodynamic  surface  to  be  studied.  As  the  bore  of 
the  glass  tubes  is  ^/^^  inch,  the  alcohol  tank  is  made  50  inches 
long  by  6  inches  in  diameter,  so  that  the  change  of  hydrostatic 
head  therein  is  very  slight  when  the  meniscus  in  the  tubes  travels 
a  distance  of  two  feet,  this  being  the  probable  range  required  in 
general  wind  tunnel  use.  For  the  measurement  of  large  pressure 
difTerences  the  tubes  are  set  vertical;  for  slight  differences  they 
are  set  on  a  slope  of  i  in  10  by  rotation  of  the  system  in  its  bear- 
ings; and  to  prevent  shifting  of  the  zero  in  this  operation  the  sur- 
face of  the  alcohol  is  kept  in  the  axis  of  the  instrument  by  timely 
adjustment.  By  means  of  the  leveling  screws  the  axis  of  the 
tank  is  set  horizontal,  and  the  whole  apparatus  can  be  given  a 
slight  rotation,  if  need  be,  to  correct  the  slope  of  the  inclined  tube- 
holder.  The  clamping  of  the  tube  system  is  effected  by  means 
of  the  spring  latch  shown  screwed  to  the  baseboard  and  engaging 
a  slot  in  the  flange  at  the  near  end  of  the  tank.  Three  such  slots 
are  provided ;  one  for  holding  the  tubes  vertical ;  one  for  holding 
them  on  a  I  to  5  slope;  and  a  third  for  holding  them  on  a  i  to  10 
slope.  The  graduations  on  the  plate  back  of  the  glass  tubes,  when 
vertical,  read  in  inches  and  tenth  inches  of  water,  positive 
and  negative. 

*  Communicated  by  the  Author. 

771 


[J.F.I. 


Multiple  tube  manometer,  uprijht. 

Fig.  2. 


.MullipU-  tMl)e  m.-mnmetcr,  iticli  led  (by  rotntii)n  on  a  i"  pipe  runniiiK  endwise  through  the 
tank  :intl  ristitiK  in  md  InarinKs). 
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Dct/rcc  of  Aciiiriwy. — The  individual  lubes  are  calibrated 
with  a  hook  gaug^e  truly  to  V  ,0,.,.  i"^'li  water  head  referred  to  the 
zero  position  of  the  meniscus.  When  so  many  tubes  are  used 
that  the  surface  of  the  alcohol  in  the  cistern  sinks  appreciably,  the 
amount  of  this  fall  is  noted  on  an  open-ended  tube  and  applied 
as  a  correction.  This  never  is  large.  For  the  surface  area  of  the 
fluid  in  the  tank  is  ten  thou-^and  times  the  projected  area  of  one 

Fig.  3- 


Nipple  nnd  tube  conrection  betueer.  aerofoil  and  manometer. 


meniscus.  Hence,  when  one  tube  only  is  used,  the  error  due  to 
neglecting  the  fall  in  the  tank  is  .01  per  cent.,  if  the  tube  be  verti- 
cal:  .05  per  cent.,  if  sloped  i  in  5  ;  and  .10  per  cent.,  if  sloped 
I  in  10.  If  ten  tul.)es  are  used  at  once,  all  under  pressure  or  all 
imder  suction,  the  error  is  ten  times  as  much,  and  may  require 
correction,  as  alcove  indicated. 

Application. — Figs.  2  and  3  illustrate  the  manner  of  connect- 
ing the  multiple-tube  manometer  to  an  aerofoil  whose  pressure 
distribution  is  to  l>e  studied  at  various  wind  speeds  and  incidences. 
From  the  manometer  nipple  ^^-inch  rul)l>er  tubing  is  conducted 
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down  the  back  of  the  tube-holder;  thence  through  the  floor  of  the 
room  and  the  ceiHng  of  the  wind  tunnel;  thence  down  a  stream- 
line strut  to  brass  reduction  couples,  from  the  other  ends  of  which 
fine  spectacle  tubes  run  to  still  finer  nipples  inserted  in  the  aero- 
dynamic model,  to  collect  the  pressure  at  a  series  of  neighboring 
points.  Due  care  is  taken  to  locate  the  fine  collector  tubes  in  such 
manner  as  not  to  disturb  the  air  flow  over  the  portion  of  the  sur- 
face under  study. 

In  the  apparatus  here  illustrated  the  brass  nipples  are  of  0.025- 
inch  bore  and  ^  inch  long;  the  spectacle  tubes  are  of  ^/32-inch 
bore  and  average  nearly  a  foot  long ;  and  the  whole  tube  system 
dampens  the  play  of  the  alcohol  columns  sufficiently  for  conveni- 
ent reading.  Ten  readings  at  a  time  may  be  taken  for  ten  suc- 
cessive angles  of  incidence,  and  all  completed  within  an  hour,  if 
the  aerofoil  be  rotated  from  without,  while  the  wind  speed 
remains  unchanged. 

Except  at  the  trailing  edge  of  the  aerofoil,  each  brass  nipple 
collects  the  same  pressure  when  the  other  nine  are  present  as  when 
they  are  absent.  In  an  actual  experiment  each  of  the  two  rearmost 
nipples  collected  pressures  which  were  false  by  0.0 1  inch  to  0.02 
inch  of  water  when  the  other  nine  were  present.  This  error  in  the 
two  rearmost  pressures  may  entail  an  error  of  about  i  per  cent, 
in  the  resultant  pressue  for  the  entire  surface. 


The  Action  of  Carbonic  Acid  on  Sulphides.  {Scientific  Pro- 
ceedings Royal  Dublin  Society,  vol.  xv,  p.  171,  1917.) — E.  A.  Letts 
and  Florence  W.  Rea,  in  the  course  of  a  study  of  the  chemistry  of 
foul  mud  deposits,  made  some  studies  of  the  actions  of  solutions 
of  carbonic  acid  on  sulphides,  the  results  of  which  are  interesting 
to  analytical  chemists  and  geologists,  it  has  long  been  believed 
that  sulphates  may  be  reduced  by  the  action  of  organic  matter 
to  sulphides,  and  this,  according  to  Beycrink  and  Van  Delden, 
takes  place  under  the  influence  of  specific  microbes :  Microspira 
dcsulphiiricans  in  fresh  water,  and  M.  estuarii  in  salt  water.  Letts 
and  Rea  found  that  a  current  of  carbonic  acid  passed  into  a  solu- 
tion of  sodium  sulphide  j)roduces  a  rapid  evolution  of  hydrogen 
sulj)lii(lc,  the  whole  of  the  sodium  salt  being  ultimately  converted 
into  sodium  acid  sulphate.  Calcium  suli)hi(le  is  dccomi)osed  to 
nearly  fifty  per  cent.,  the  soluble,  so-called  bicarbonate,  being 
formed.  Freshly  precipitated  ferrous  sulphide  is  slowly  decom- 
posed by  carbonic  acid,  the  final  result  being  the  soluble  ferrous 
"  bicarbonate."  H.  L. 


FACTORS   OF  CLIMATIC   CONTROL.^ 

HY 

W.  J.  HUMPHREYS, 

Professor  of  Meteorological  Physics,  United  States  Weather  Bureau. 

Chapter  I. 

GEXERAL  SUMMARY. 
INTRODUCTION. 

The  following  is  a  discussion  of  the  principal  factors,  and  the 
effects  of  their  possible  changes,  that  determine  what  the  climate 
— the  various  averages  and  extremes  of  weather — of  any  given 
place  shall  be;  a  discussion  of  the  physics  of  climate  and  not  of 
its  geographic  distribution. 

Many  people,  relying  on  their  memories  alone,  insist  that  our 
climates  are  now  very  different  from  what  they  used  to  be.  Their 
fathers  made  similar  statements  about  the  climates  of  still  earlier 
times,  as  did  also  their  fathers'  fathers,  as  their  several  writings 
show,  and  so  on  through  the  ages;  and  the  bulk  of  this  testimony 
is  to  the  effect  that  our  climates  are  getting  worse^ — evidence,  per- 
haps, that  flesh  has  always  been  heir  to  ills.  The  records,  how- 
ever, of  the  past  lOO  years  show  that  while  there  have  been  several 
slight  and  short-period  (2  to  3  or  4  years)  climatic  changes 
during  that  time,  that  will  be  explained  later,  there  have  been  no 
long-period  ones.  There  is,  though,  much  evidence  that  appre- 
ciable climatic  changes  of  many  years'  duration  have  occurred 
within  historic  times.  This  evidence,  which  many  do  not  accept 
as  conclusive,  is  found  in  the  grow^th  rings  of  old  trees ;  the  known 
changes  in  the  areas  and  depths  of  several  inland  seas ;  the  records 
in  regard  to  the  breaking  up  of  ice  in  rivers  and  the  opening  of 
navigation  ;  and  in  a  variety  of  other  more  or  less  significant  facts. 

But  whatever  the  truth  in  regard  to  historic  climates  may  be, 
nothing  is  more  certain  than  that  during  the  geologic  past  there 
have  been  many  and  important  climatic  changes  of  great  dura- 
tion. Innumerable  fossil  remains  both  in  the  Arctic  and  Antarctic 
regions  tell  of  long  ages  when  genial  or,  at  least,  temperate  cli- 

*  Continued  from  p.  674,  Vol.  188,  November,  1919. 
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mates  extended  well  among  the  higher  latitudes,  while  deep- scor- 
ings and  ancient  moraines,  hundreds  and  even  thousands  of  miles 
from  the  nearest  existing  glacier,  tell  quite  as  positively  of  other 
ages  when  vast  ice  sheets  spread  far  into  the  zones  we  now  call 
temperate;  and  this  in  spite  of  the  fact  (there  is  no  good  evi- 
dence to  the  contrary)  that  from  the  beginning  of  geologic  rec- 
ords the  earth  has  been  divided  into  climatic  zones  arranged 
substantially  as  at  present — warmest  in  equatorial  regions  and 
coldest  about  the  poles. 

It  must  be  remembered,  of  course,  that  the  previous  existence 
of  comparatively  mild  climates  in  limited  high  latitude  regions 
does  not  prove  that  the  average  temperature  of  the  world  as  a 
whole  was  then  much  if  any  higher  than  it  is  now,  but  only  that 
at  those  places  the  growing  seasons  were  long  enough  to  permit 
the  then  indigenous  vegetation  to  mature  its  seeds  (a  much  more 
rapid  process  in  high  latitudes  owing  to  the  greater  length  of  the 
summer  days  than  in  low),  and  that  the  temperature  of  the  lit- 
toral waters  at  these  same  places  was  such  as  to  foster  the  local 
marine  life.  Both  conditions  conceivably  might  have  been  met 
by  a  free  and  therefore  abundant  oceanic  circulation;  or,  perhaps, 
locally  by  protection  from  cold  currents  and  drifting  ice.  Simi- 
larly, local  glaciation  doubtless  often  was  produced  by  local 
causes.  But,  on  the  other  hand,  such  extensive  glaciation  as  sev- 
eral times  obtained  must  have  required  a  world-wide  lowering  of 
temperature.  Indeed,  no  escape  seems  possible  from  the  con- 
clusion that  the  world  has  experienced  many  a  profound  climatic 
change  of  both  types,  local  and  universal. 

When  this  series  of  climatic  changes  began  there  is  no  sure 
means  of  knowing,  for  the  records,  especially  those  of  glacial 
origin,  grow  gradually  fainter  and  more  scanty  with  increase  of 
geologic  age,  so  scanty  indeed  as  to  force  the  belief  that  the 
effects  of  many  of  the  earlier  changes  may  long  since  have  been 
C(jmpletely  obliterated.  P>ut,  however  this  may  be.  it  is  well-nigh 
certain  that  from  the  time  of  the  earliest  known  of  these  changes 
down  to  the  very  present  the  series  has  been  irregularly  continu- 
ous, and  the  end,  one  might  reasonably  assume,  is  not  yet.  Change 
after  change  of  climate  in  an  almost  endless  succession,  and  even 
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additional  ice  ages,  may  still  be  experienced,  though  when  they 
shall  begin  (except  in  the  case  of  the  small  and  fleeting  changes  to 
be  noted  below),  hmv  intense  they  may  be,  or  how  long  they  shall 
last,  no  one  can  form  the  slightest  idea. 

Clearly,  then,  a  matter  so  fundamental  as  this,  namely,  the 
profound  modification  of  those  agencies  that  not  only  fashion  the 
face  of  the  earth,  but  also  control  its  flora  and  govern  its  fauna, 
challenges  and  deserves  every  contribution  that  science  can  give 
to  its  complete  or  even  partial  elucidation.  Hence  it  is  that 
during  the  past  fifty  years,  or  more,  numerous  attempts,  some  of 
them  invoking  purely  terrestrial  and  others  extra-terrestrial  or 
cosmical  conditions,  have  been  made  to  find  a  probable  and  at  the 
same  time  an  adequate  physical  basis  for,  or  cause  of,  the  known 
climatic  changes  of  the  distant  past,  and  especially  for  those  disas- 
trous changes  that  brought  about  the  extensive  glaciations  that 
prevailed  during  the  so-called  ice  ages.  But  nearly  all  the  older 
suggestions  and  working  hypotheses  as  to  the  cause  of  the  ice 
ages  have  been  definitely  and  finally  abandoned,  either  because  of 
inconsistency  with  known  physical  laws,  or  abandoned  because 
they  were  found  inadequate  to  meet  the  conditions  imposed  upon 
them  by  the  results  of  the  very  investigations  which,  in  many 
cases,  they  themselves  had  helped  to  inspire. 

FACTS  OF  CLIMATIC  CHANGES. 

Among  the  more  important  facts  with  respect  to  climatic 
changes  that  appear  to  have  been  established  and  which  presum- 
ably, therefore,  must  be  met  by  any  theory  that  would  account  for 
such  changes,  or  explain  specifically  the  origin  of  ice  ages,  are 
the  following : 

(a)  The  number  of  larger  climatic  changes  were  at  least  sev- 
eral, the  smaller  many. 

{h)  The  greater  changes  and  doubtless  many  of  the  smaller 
also  were  simultaneous  over  the  entire  earth  (there  is  accumulat- 
ing evidence  in  favor  of  this  conclusion),  and  in  the  same  sense; 
that  is,  the  world  became  colder  everywhere  at  the  same  time 
(climatically  speaking)  or  warmer  everywhere. 

(c)   They  were  of  unequal  intensity. 
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(J)  They  were  of  irregular  occurrence  and  of  unequal 
duration. 

(^)  They,  at  least  one  or  more,  progressed  with  secondary 
variations  of  intensity,  or  with  advances  and  retreats  of  the 
ice  front. 

(/)  There  often  were  centres  of  maximum  intensity — cer- 
tainly of  ice  accumulation  and,  doubtless,  of  other  effects. 

{g)  There  were  numerous  local  changes,  suggestive  of  local 
causes. 

(/i)  They  have  occurred  from  early,  probably  from  the  earli- 
est, geological  ages  down  to  the  present,  and  presumably  will 
continue  irregularly  to  recur  for  many  ages  yet  to  come. 

EXISTING  FACTORS  OF  CLIMATIC  CONTROL. 

Before  attempting  to  find  the  probable  cause  or  causes  of  cli- 
matic changes  it  will  be  convenient  first  to  consider  the  present 
factors  of  climatic  control,  since  the  variations  of  some  of  these 
undoubtedly  have  produced  such  changes,  even,  presumably,  some 
if  not  all  of  those  great  changes  that  brought  on  maxima  and 
minima  of  glaciation.  It  is  possible,  of  course,  that  neither  singly 
nor  collectively  were  the  factors  in  question  largely  productive  of 
the  known  changes  in  geologic  climates,  but  as  climate  to-day  is 
subject  to  a  complex  control,  all  terms  of  which  are  more  or  less 
variable,  it  is  certain  that  the  climates  of  that  portion  of  the 
geologic  past  (the  only  portion  that  will  here  ])e  considered)  dur- 
ing which  the  earth  had  an  atmosphere  and  a  hydrosphere,  were 
also  subject  to  a  .similar  complex  control  consisting  certainly  of 
all  the  factors  that  now  are  effective,  and  ])r()bal)ly  of  no  others. 
Hence,  while  it  is  conceival)le  that  some  one  dominant  cause  such 
as  marked  and  age-long  changes  in  the  solar  constant,  the  passage 
of  the  solar  system  through  a  vast  nebula,  and  the  like,  may  have 
produced  all  the  great  changes  of  geologic  climates,  it  seems  far 
safer  to  assume  that  climate  was  then  controlled  essentially  as 
climate  is  now  controlled,  and,  therefore,  that  the  climatic  changes 
of  the  past,  whatever  their  nature,  intensity,  or  duration,  were  due 
to  changes  in  those  factors  of  climatic  control  which  are  now 
operative  and  known  to  be  appreciably  variable. 

The  following  list  includes  the  principal  factors  of  climatic 
c(»ntr(»l  as  they  exist  to-day  : 
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Chief  Factors  of  Climatic  Control. 


Name 


1.  Latitlde. 

2.  Brightness  of  Moon 

AND  Planets. 

3.  SoL.\R  "Constant"  at 

A  Fixed  Distance. 


4.  Solar  Distance. 


5.  Obliquity  of   Eclip- 
tic. 


6.  Perihelion  Phase. 


Character 


Invariable  to  within  negligible  amounts. 

Widely  variable,  but  of  no  climatic  significance, 
since  they  jointly  produce  a  temperature  varia- 
tion of  only  0.0001°  C,  roughly. 

Slightly  variable.  There  are  small  irregular  varia- 
tions of,  roughly,  a  seven  to  ten  day  period 
and  probably  also  a  small  variation  coincident 
with  the  eleven  vear  sun  spot  period.  Other 
changes  are  not  known,  but  may  exist. 

Slightly  variable,  with  a  geologically  negligible 
annual  period  due  to  eccentricity  of  the  earth's 
orbit ;  and  also,  for  the  same  reason,  both  a 
loo.oco  year,  roughly  (now  about  8o,oco  year), 
secular  period :  and  a  much  larger  pseudo 
period.  The  lunger  of  these  eccentricity 
changes  undoubtedly  are  of  climatic  impor- 
tance, but,  as  presently  explained  in  the  dis- 
cussion of  Croll's  theory,  there  is  strong 
evidence  against  the  assumption  that  they  were 
the  chief  or  even  an  important  factor  in  the 
production  of  glaciation.  There  also  are 
slight  monthly  changes  in  the  solar  distance 
due  to  perturbations  by  the  moon ;  and  other 
slight  changes  owing  to  perturbations  by  the 
planets.  In  any  case,  however,  the  climatic 
effect  due  to  perturbations  is  negligible — a 
maximum  temperature  change  (computed) 
of,  roughly,  o.ox°  C. 

Slightly  variable.  According  to  Sir  John  Herschel 
this  variation  never  exceeds  1°  20'  on  either 
side  of  the  mean;  and  according  to  Newcomb, 
while  the  limit  of  variation  is  still  unknown, 
the  amount  does  not  exceed  2°  or  3°  in  a  mil- 
lion years.  In  either  case  recent  geologic  cli- 
mates, including  that  of  the  last  ice  age,  could 
not  have  been  much  influenced  by  this  factor. 

Variable  through  a  period  of,  roughly,  21,000  years. 
By  virtue  of  this  variation  the  winter  of  the 
southern  hemisphere,  say,  may  at  one  time 
occur,  as  it  now  does,  at  aphelion,  and  there- 
fore be  long  and  cold  ;  and  again  at  perihelion, 
when  it  must  be  relatively  short  and  mild. 
However,  while  this  is  a  climatic  factor  which 
varies    with    the    eccentricity    of    the    earth's 
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Chief  Factors  of  Climatic  Control. — Continued. 


Xame 


7.  Extent   and   Compo- 

sition OF  the  At- 
mosphere. 

8.  vulcanism. 

9.  Sun  Spots. 


10.  Land  Elevation. 

11.  Land     and      Water 

Distribution. 

12.  Atmospheric    Circu- 

lation. 


13.  Ocean  Circulation. 

14.  Surface  Covering. 


Character 


orbit,  the  period  is  too  short  to  permit  of  its 
being  considered  as  of  great  influence  in  the 
production  of  either  the  glacial  or  interglacial 
climates. 
Probably  somewhat  variable  through  geological 
periods,  otherwise  relatively  fixed. 

Irregularly  variable. 

Greatly  variable,  with  an  ii-year  period  and 
probably  other  periods  also,  both  longer  and 
shorter. 

Greatly  variable  through  geological  periods,  other- 
wise relatively  fixed. 

Greatly  variable  through  geological  periods,  other- 
wise relatively  fixed. 

Largely  dependent  upon  the  distribution  of  land 
and  water,  upon  land  elevation  and  upon 
oceanic  circulation,  and  therefore,  in  many 
regions  radically  variable  through  geological 
periods. 

Greatly  variable  through  geological  periods,  other- 
wise relatively  fixed. 

Greatly  variable,  in  many  places,  from  season  to 
season ;  and  also  irregularly  so  from  age 
to  age. 


Since  these  are  the  factors  that  now  control  chniate,  it  seems 
probable,  as  already  stated,  that  even  those  profound  climatic 
changes  with  which  the  geologist  is  concerned  were  also  caused  by 
variations  in  one  or  more  of  these  same  factors.  Indeed,  certain 
of  these  factors — vulcanism,  land  elevation,  and  oceanic  circula- 
tion— are  known  to  have  varied  greatly  during  the  several  geologic 
periods,  while  the  extent  and  composition  of  the  atmosphere  are 
suspected  also  to  have  changed.  It  will  be  well,  therefore,  to  con- 
sider what  eflects  such  variations  probably  could  have — in  some 
cases  surely  have  had — on  our  climates.  This  will  constitute  the 
first  step  in  the  problem  of  geologic  climates.  The  next  step  must 
be  taken  by  the  geologist  himself,  for  he  mu.st  say  whether  the 
climatic  changes  possible  through  the  supposed  causes  would  be 
sufficient  to  account  for  the  observed  results,  and  especially 
whether  the  known  climatic  changes  and  the  known  variations  in 
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the  factors  here  considered  occurred  at  such  times  and  places  as 
to  permit  of  the  assumption  that  they  were  actually  related  in  the 
sense  of  cause  and  effect. 

These  several  factors  will  be  considered  in  the  same  order 
as  above  listed. 

1.  Since  the  wandering  of  the  pole  is  limited  to  only  a  few 
metres,  it  is  obvious  that  the  resulting  changes  in  the  latitude 
produce  no  appreciable  climatic  effects. 

2.  The  brightness  of  the  moon,  and  also  that  of  each  of  the 
several  planets,  is  known  in  terms  of  that  of  the  sun.  On  the 
assumption  that  the  heat  they  supply  is  in  proportion  to  their 
light  it  appears  that  at  most  their  variations  in  phase  and  dis- 
tance can  alter  the  temperature  of  the  surface  of  the  earth  by 
no  more  than  0.0001°  C,  an  amount  that  obviously  is 
wholly  negligible. 

Chapter  II. 

PRINCIPAL   ICE-AGE   THEORIES. 
FACTORS  3.  4,  5.  6,  7- 

It  would  be  easy  to  catalogue  perhaps  a  score  of  more  or  less 
rational  hypotheses  in  regard  to  the  origin  of  the  ice  ages,  the 
subject  under  which  the  greater  climatic  changes  generally  are 
discussed,  and  doubtless  even  a  larger  number  that  are  quite  too 
absurd  ever  to  have  received  serious  consideration,  and  to  point 
out  in  each  case  the  known  and  the  suspected  elements  of  weak- 
ness. But  this  would  only  be  a  repetition  of  what,  in  part  at 
least,  has  often  been  done  before  and,  therefore,  could  serve  no 
good  purpose. 

As  already  stated,  only  a  few  of  these  hypotheses  still  survive, 
nor  do  all  of  even  these  few  really  merit  the  following  they  have. 
Indeed,  the  only  ones  which  still  claim  a  large  number  of  ad- 
herents are,  respectively : 

3.  (a)  The  Solar  Variation  Theory. — This  is  based  on  the 
assumption  that  the  solar  radiation  (the  only  solar  influence  that 
by  any  known  process  can  affect  terrestrial  temperatures  and 
terrestrial  climates)  has  waxed  and  waned,  either  cyclically  or 
irregularly,  through  considerable  ranges  and  over  long  inter- 
vals of  time. 

This  theory  is  seductively  attractive — it  looks  so  simple,  so 
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sufficient,  and  so  safe  from  attack.  There  are,  however,  two 
criticisms  of  it  that  should  be  mentioned :  ( i )  A  change  of  the 
solar  constant  obviously  alters  all  surface  temperatures  by  a 
roughly  constant  percentage.  Hence  a  decrease  of  the  heat  from 
the  sun  would,  in  general,  cause  a  decrease  of  the  interzonal  tem- 
perature gradients;  and  this  in  turn  a  less  vigorous  atmospheric 
circulation,  and  a  less  copious  rain  or  snowfall — exactly  the  re- 
verse of  the  condition,  namely,  abundant  precipitation,  most 
favorable  to  extensive  glaciation.  (2)  li  the  solar  variation 
theory  is  true  it  follows,  as  will  be  shown  later,  that  great  solar 
changes  and  extensive  mountain  building  must  usually,  if  not 
ahvays,  have  been  coepochal — a  seemingly  complete  reductio 
ad  absurdum. 

4,  5,  6.  (b)  Croll's  Eccentricity  Theory.^ — To  make  this 
theory  clear,  it  is  necessary  to  recall  two  important  facts  in  regard 
to  the  earth's  movement  about  the  sun  :  ( i )  That  the  orbital  posi- 
tion of  the  earth  at  any  season,  that  of  midsummer,  say,  progres- 
sively changes  at  such  rate  as  to  describe  a  complete  circuit  in 
about  21,000  years.  This  necessarily  produces  a  cyclic  change  of 
the  same  period  in  the  length,  temperature  and  contrast  of  the  sea- 
sons, and  also  in  the  contrast  between  the  climates  of  the  two 
hemispheres,  northern  and  southern.  Thus,  when  aphelion  is 
attained  near  midsummer  of  either  hemisphere  as  it  now  is  for 
the  northern,  that  part  of  the  earth  enjoys  comparatively  long, 
temperate  summers,  and  short,  mild  winters;  while  the  opposite 
hemisphere,  the  southern  at  present,  is  exposed  to  short  hot  sum- 
mers, and  long,  cold  winters.  Hence,  on  such  occasions,  the  cli- 
matic contrast  between  the  two  hemispheres  is  at  a  maximum,  pro- 
vided, of  course,  that  their  ratios  of  land  tO'  water  areas  and  other 
factors  are  the  same.  After  about  10,500  years  another  maxi- 
mum contrast  occurs,  but  with  the  climates  of  the  two  hemispheres 
interchanged,  and  so  on  indefinitely.  (2)  That  the  eccentricity 
of  the  earth's  orbit,  never  greater  than  0.07,  and  at  rare  intervals 
dropping  to  nearly  or  even  quite  zero,  undergoes  irregular  but 
always  slow  and  long  cyclic  changes.  In  addition  to  a  change 
usually,  though  not  always,  relatively  small  whose  average  period 
is  roughly  100,000  years  (now  about  80,000),  the  eccentricity 
has  al.so  a  far  more  irregular  and  generally  much  larger  change 
whose  average  period,  if  a  thing  so  irregular  may  be  said  to  have 

'Phil.  Mag.,  a8,  p.  121,  1864,  and  elsewhere. 
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a  period,  is  three  or  four  times  as  great.  That  is,  as  a  rule,  the 
eccentricity  of  the  earth's  orbit  is  continuously  large,  within  the 
limit  0.07,  or  continuously  small,  for  a  period  of  200,000  years, 
more  or  less;  but  in  each  case  unequally  so,  because  of  the  shorter 
period  and  more  regular  changes. 

The  first  of  these  phenomena,  the  continuous  change  of  the 
perihelion  phase,  varies,  as  explained,  the  relative  lengths  and 
intensities  of  the  summers  and  winters  of  the  northern  and  south- 
ern hemispheres;  while  the  second,  or  the  change  of  eccentricity 
of  the  earth's  orbit,  varies  the  magnitudes  of  these  contrasts. 

Now  Croll's  theory  of  the  ice  ages  assumes  that  when  the 
eartli's  orbit  is  very  eccentric,  or  when  the  earth's  maximum  solar 
distance  differs  largely  from  its  minimum  solar  distance,  ice  will 
accumulate  to  a  great  extent  over  that  half  of  the  globe  which 
has  its  winter  during  aphelion. 

For  some  time  this  theory  was  very  generally  accepted,  and 
it  seems  still  to  have  many  adherents,  despite  the  destructive 
criticisms  of  Newcomb  ^  and  Culverwell.'* 

The  chief  objections  to  Croll's  theory  are  : 

1.  That  the  assumption  that  midwinter  and  midsummer  tem- 
peratures are  directly  proportional  to  the  sun's  heat  at  these 
times  is  not  at  all  in  accord  with  observed  facts. 

2.  That  each  ice-age  (within  a  glacial  epoch,  when  eccen- 
tricity is  large)  would  be  limited  to  a  fraction  of  the  secular 
perihelion  period,  21,000  years,  which,  according  to  most  geolo- 
gists, is  too  short  a  time. 

3.  That  the  successive  ice  ages  would  have  occurred  alter- 
nately in  the  northern  and  southern  hemispheres  instead  of,  as  is 
generally  believed  to  have  been  the  case,  in  both  hemispheres 
simultaneously. 

4.  That  during  the  past  3,000,000  years  there  would  have 
been  fully  100  extensive  glacial  advances  and  retreats  in  each 
hemisphere  f  eccentricity  having  been  rather  large  through  much 
the  greater  portion  of  this  time),  a  deduction  unsupported  by 
confirmatory  geological  evidence. 

5.  That  the  last  extensive  ice  sheet  in  either  hemisphere  must 
have  retracted  roughly  to  its  present  limits  some  80,000  years  ago 
(eccentricity  having  become  small  about  that  time  and  remained 

'  Amer.  Jr.  Sci.,  ii,  p.  263,  1876;  Phil.  Mag.,  17,  p.  142,  1884, 
*  Phil.  Mag.,  38,  p.  541,  1894. 
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small  ever  since)  instead  of  less  than  9000  as  Gerald  de  Gear  ^ 
has  well-nigh  conclusively  demonstrated. 

As  W.  B.  Wright^  puts  it:  "An  almost  fatal  objection  to 
Croll's  famous  theory  is  the  date  it  assigns  to  the  end  of  the  last 
Ice  Age,  which  it  places  at  some  80,000  years  back.  If,  as  De  Geer 
seems  to  have  clearly  established,  the  ice-margin  retreated  north 
past  Stockholm  only  about  9000  years  ago.  this  practically  ex- 
cludes any  possibility  of  a  connection  between  glaciation  and 
changes  in  the  eccentricity  of  the  earth's  orbit." 

That  changes  in  the  maximum  and  minimum  distances  of  the 
earth  from  the  sun  have  affected  our  climates  and  that  they  will 
continue  to  affect  them  seem  too  obvious  to  admit  of  doubt,  but 
that  such  changes  ever  were,  or  ever  will  be.  of  sufficient  magni- 
tude to  be  the  sole,  or  even  the  chief,  cause  of  an  ice-age  appears 
to  be  flatly  contradicted  both  by  rigid  deductions  from  the  laws  of 
physics  and  meteorology  and  by  close  observations  of  geo- 
logical records. 

7.  (c)  The  Carbon  Dioxide  Theory. — This  theory,  advo- 
cated by  Tyndall,^  Arrhenius,**  Chamberlain  ^  and  others,  is  based 
on  the  selective  absorption  of  carbon  dioxide  for  radiation  of 
different  wave  lengths,  and  on  its  assumed  variation  in  amount. 

It  is  true  that  carbon  dioxide  is  more  ab.sorptive  of  terrestrial 
than  of  solar  radiations,  and  that  it  therefore  produces  a  green- 
house or  blanketing  effect,  and  it  is  also  probably  true  that  its 
amount  in  the  atmosphere  has  varied  through  a])preciable  ranges, 
as  a  result  of  volcanic  and  other  additions  on  the  one  hand,  and 
of  oceanic  absorption  and  chemical  combination  on  the  other. 
But  it  is  not  possible  to  say  exactly  how  great  an  effect  a  given 
change  in  the  amount  of  carbon  dioxide  in  the  atmosphere  would 
have  on  the  temperature  of  the  earth.  However,  by  bringing  a 
number  of  known  facts  to  bear  on  the  subject  it  seems  feasible 
to  determine  its  approximate  value.  Thus  the  experiments  of 
Schlaefer  ^^  show  that,  at  atmospheric  pressure,  a  column  of  car- 
bon dioxide  50  centimetres  long  is  ample  for  maximum  absorp- 
tion, since  one  of  this  length  absorbs  quite  as  completely  as  does 

°  Geolog.  Congress,  Stockholm,  1910. 

'  T/ie  Quarlcrnary  Ice  .U/c,  p.  4S1,  Macmillan  and  Co..  1014. 

'  Fhil.  Mag..  22,  p.  277,  iH(>\. 

"Phil.  Mag..  41,  i>.  2,^7,  iS(/). 

'Jr.  Geol.,  7,  p.  545.  1^99- 

"Ann.  dcr  I'liys..  vol.  .\vi,  p.  <M.  "<X">5- 
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a  column  200  centimetres  long  at  the  same  density.  Also  the 
experiments  of  Angstrom,*^  and  those  of  E.  v.  Bahr/^  show  that 
the  absorption  of  radiation  by  carbon  dioxide  or  other  gas  in- 
creases with  increase  of  pressure,  and,  what  is  of  great  import- 
ance, that  both  qualitatively  and  quantitatively  this  increase  of 
absorption  is  exactly  the  same  whether  the  given  higher  pressure^ 
be  obtained  by  compression  of  the  pure  gas  to  a  column  of  shorter 
length,  or,  leaving  the  column  unchanged,  by  the  simple  addition 
of  an  inert  gas. 

According  to  these  experiments,  if  a  given  column  or  quan- 
tity of  carbon  dioxide  at  a  pressure  of  50  mm.  absorbs  20  per 
cent,  of  the  incident  selective  radiation,  then,  at  100  mm.  it  will 
absorb  25  per  cent.,  at  200  mm.  30  per  cent,  at  400  mm.  35  per 
cent.,  and  at  800  mm.  about  38.5  per  cent. 

Now,  the  amount  of  carbon  dioxide  in  the  atmosphere  is 
equivalent  to  a  column  of  the  pure  gas,  at  ordinary  room  tem- 
perature and  atmospheric  pressure,  of  roughly  250  centimetres  in 
length.  Hence,  as  a  little  calculation  proves,  using  the  coefficients 
of  absorption  at  dififerent  pressures  given  by  the  experiments  of 
Angstrom  and  E.  v.  Bahr,  just  described,  the  carbon  dioxide  now 
in  the  atmosphere  must,  under  its  present  vertical  distribution, 
absorb  radiation  very  approximately  as  would  a  column  475 
centimetres  long  of  the  pure  gas  at  the  barometric  pressure  of  400 
millimetres.  But  Schlaefer's  experiments  above  referred  to  show 
that  such  a  column  would  be  just  as  effective  an  absorber  as  a 
cylinder  two  or  three  times  this  length,  and,  on  the  other  hand, 
no  more  efifective  than  a  column  one-half  or  one-fourth  as  long; 
in  each  case  the  absorption  would  be  complete  in  the  selective 
regions  of  the  gas  in  question. 

Hence,  finally,  doubling  or  halving  the  amount  of  carbon 
dioxide  now  in  the  atmosphere,  since  this  would  make  but  little 
difference  in  the  pressure,  would  not  appreciably  affect  the  total 
amount  of  radiation  actually  absorbed  by  it,  whether  of  terrestrial 
or  of  solar  origin,  though  it  would  affect  the  vertical  distribution 
or  location  of  the  absorption. 

Again,  as  explained  by  Abbot  and  Fowle/^  the  water  vapor 

"  Arkiv  for  Matematik,  Astron.  och  Fysik,  vol.  iv,  No.  30,  1908. 
"Ann.  der  Phys.,  vol.  xxix,  p.  780,  1909. 

"Annals  of  the  Astrophysical  Observatory,  Smithsonian  Institution,  vol. 
ii,  p.  172,  1908. 
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always  present  in  the  atmosphere,  because  of  its  high  coefficients 
of  absorption  in  substantially  the  same  regions  where  carbon 
dioxide  is  effective,  leaves  but  little  radiation  for  the  latter  to 
take  up.  Hence,  for  this  reason,  as  well  as  for  the  one  given 
above,  either  doubling  or  halving  the  present  amount  of  carbon 
dioxide  could  alter  but  little  the  total  amount  of  radiation  actually 
absorbed  by  the  atmosphere,  and,  therefore,  seemingly,  could  not 
appreciably  change  the  average  temperature  of  the  earth,  or  be  at 
all  effective  in  the  production  of  marked  climatic  changes. 

Nevertheless,  in  spite  of  the  above  objections,  there  appears 
to  be  at  least  one  way  (variation  in  absorption  at  levels  above  the 
water  vapor)  by  which  a  change,  especially  if  a  decrease,  in  the 
amount  of  carbon  dioxide  in  the  atmosphere  might  affect  tem- 
peratures at  the  surface  of  the  earth.  Hence,  the  above  arguments 
do  not  perhaps  fully  warrant  the  idea  that  no  such  change  was 
ever  an  appreciable  factor  in  the  production  of  an  ice  age. 

Further  consideration  of  this  particular  point  will  be  taken 
up  later,  after  the  discussion  of  certain  other  questions  essential 
to  a  clear  understanding  of  the  subject. 

These  three  theories,  then,  of  the  origin  of  the  ice  ages, 
namely :  The  solar  variation  theory,  the  eccentricity  theory,  and 
the  carbon  dioxide  theory,  are  the  only  ones  that  at  present  appear 
to  have  many  adherents,  and  even  these  few  seem  more  likely 
to  lose  than  to  gain  in  number  and  ardency  of  defenders.  The 
first  is  strong  only  as,  and  to  the  extent  that,  other  theories 
are  disproved  or  shown  to  be  improbable ;  the  second  has  failed 
utterly  under  searching  critici.sm ;  while  the  third  has  been 
sadly  impaired. 

CiiArTER  HT. 

8.      VULC.XNISM  :  THEORY. 

(The  mathematical  portions  of  this  chapter,  provided  their  conclusions  are 
accepted,  may  be  omitted  in  reading  without  serious  loss  of  continuity.) 

GASEOUS  CONTRIBUTION  TO  THE  ATMOSPHERE. 

Although  a  variety  of  gases,  vapors  and  fumes  are  given  off 
by  active  volcanoes,  probably  only  one  of  them,  carbon  dioxide, 
is  of  sufficient  volume  and  of  such  nature  as  to  produce  any 
effect  on  climate.  Indeed,  besides  carbon  dio.xide.  the  only  at- 
mospheric constituents  that  arc  especially  effective  in  modifying 
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the  average  temperature  of  the  earth  are  water  vapor  and,  prob- 
ably, ozone.  The  former  of  these,  or  water  vapor,  except  as 
locally  modified  by  temperature  and  topography,  including  loca- 
tion and  extent  of  land  and  sea,  presumably  has  varied  but  little 
in  amount  since  the  formation  of  the  earliest  oceans,  while  a  prac- 
tically continuous  series  of  animal  fossils  from  beyond  the  earli- 
est paleozoic  age  to  the  present  is  abundant  proof  of  an  equally 
continuous  supply  of  free  oxygen.  Hence,  in  an  effort  roughly 
to  determine  what  climatic  changes  might  have  been  caused  by 
variations  in  the  atmosphere,  whether  produced  by  vulcanism  or 
otherwise,  it  would  appear  that  only  the  amount  of  carbon  dioxide 
need  be  considered. 

But  this  has  been  discussed  above,  to  some  extent,  and  will 
be  taken  up  again  in  its  proper  order.  Suffice  it  to  anticipate  here 
the  general  conclusion  that  while  variations  in  the  amounts  of 
carbon  dioxide  in  the  atmosphere  may  have  somewhat  modified 
our  climates,  it  probably  never  was  the  controlling  or  even  an  im- 
portant factor  in  the  production  of  any  one  of  the  great  climatic 
changes  of  the  past,  nor  can  be  of  any  great  climatic  change  the 
future  possibly  may  bring. 

CHANGE  IN  SURFACE  COVERING. 

The  effect  of  volcanic  ejecta,  whether  in  the  nature  of  ash,  or 
lava  flow,  is  to  convert  the  region  so  covered  into  a  temporary 
desert,  even  where  rain  may  be  abundant,  and,  therefore,  to  sub- 
ject it  to  an  increased  range  of  temperature  extremes,  and  at  the 
same  time,  if  in  a  previously  vegetated  region,  slightly  to  increase 
its  average  temperature,  owing  to  decrease  of  evaporation.  How- 
ever, it  seems  highly  probable  that  the  areas  so  deprived  of  vege- 
tation were  never  at  any  one  time  sufficiently  large  to  produce 
marked  effects  upon  the  climate  of  the  world  as  a  whole,  nor 
indeed  anywhere  except  over  themselves  and  within  their  own 
immediate  neighborhoods.  Hence,  in  considering  universal  cli- 
matic changes,  it  seems  safe  to  neglect  this  special  effect  of 
volcanic  activity. 

DUST  IN  THE  UPPER  ATMOSPHERE. 

It  was  suggested  a  number  of  years  ago  by  the  cousins  P.  and 
F.  Sarasin  ^*  that  the  low  temperature  essential  to  the  glaciation 

"  Verhandlungen  der  Naturforschenden  Gesellschaft  in  Basel,  vol.  xiii,  p. 
603,  1901. 
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of  ice  ages  was  caused  by  the  absorption  of  solar  radiation  by 
high  volcanic  dust-clouds.  But  the  idea  that  dust  of  this  nature, 
when  scattered  through  the  atmosphere,  may  lower  the  tempera- 
ture of  the  surface  of  the  earth  was  already  old,  having  been 
advanced  at  a  much  earlier  date,  in  fact,  long  before  even  the 
existence  of  ice  ages  had  been  suspected,  much  less  attempts  made 
to  find  their  cause.  Thus,  in  May,  1784,  Benjamin  Franklin  (and 
he  may  not  have  been  the  first)  wrote  as  follows : 

During  several  of  the  summer  months  of  the  year  1783,  when  the  effects 
of  the  sun's  rays  to  heat  the  earth  in  these  northern  regions  should  have  been 
the  greatest,  there  existed  a  constant  fog  over  all  Europe,  and  great  part  of 
North  America.  This  fog  was  of  a  permanent  nature;  it  was  dry,  and  the 
rays  of  the  sun  seemed  to  have  little  effect  toward  dissipating  it,  as  they  easily 
do  a  moist'  fog  arising  from  the  water.  They  were  indeed  rendered  so  faint 
in  passing  through  it  that,  when  collected  in  the  focus  of  a  burning-glass, 
they  would  scarce  kindle  brown  paper.  Of  course,  their  summer  effect  in 
heating  the  earth  was  exceedingly  diminished. 

Hence  the  surface  was  early  frozen. 

Hence  the  first  snows  remained  on  it  unmelted,  and  received  con- 
tinual additions. 

Hence  perhaps  the  winter  of  1783-4  was  more  severe  than  any  that  hap- 
pened for  many  years. 

The  cause  of  this  universal  fog  is  not  yet  ascertained.  Whether  it  was 
adventitious  to  this  earth,  and  merely  a  smoke  proceeding  from  the  con- 
sumption by  fire  of  some  of  those  great  burning  balls  or  globes  which  we  hap- 
pen to  meet  with  in  our  course  round  the  sun,  and  which  are  sometimes  seen 
to  kindle  and  be  destroyed  in  passing  our  atmosphere,  and  whose  smoke  might 
be  attracted  and  retained  by  our  earth ;  or  whether  it  was  the  vast  quantity  of 
smoke,  long  continuing  to  issue  during  the  summer  from  Hecla,  in  Iceland, 
and  that  other  volcano  which  arose  out  of  the  sea  near  that  island,  which 
smoke  might  be  spread  by  various  winds  over  the  northern  part  of  the  world, 
is  yet  uncertain. 

It  seems,  however,  worthy  the  inquiry,  whether  other  hard  winters,  re- 
corded in  history,  were  preceded  by  similar  permanent  and  widely-extended 
summer  fogs.  Because,  if  found  to  be  so,  men  might  from  such  fogs  con- 
jecture the  probability  of  a  succeeding  hard  winter,  and  of  the  damage  to  be 
expected  by  the  breaking  up  of  frozen  rivers  in  the  spring;  and  take  such 
measures  as  are  possible  and  practicable  to  secure  themselves  and  ofTccts  from 
the  mischiefs  that  attend  the  last." 

The  idea,  then,  that  volcanic  dust  may  be  an  important  factor 
in  the  production  of  climatic  changes  is  not  new,  though  by  what 
physical  process  it  could  produce  this  result  apparently  has  not 

"See  Sparks's  "Life  of  Benjamin  Franklin,"  vol.  vi,  455-457  (cited  in 
Proceedings  of  the  Amer.  Phil.  Soc,  vol.  xlv,  p.  127,  i(X>6.) 
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formerly  been  explained,  nor  has  the  idea  previously  been  spe- 
cifically supported  by  a  long  series  of  direct  observations.  This 
is  not  to  be  taken  as  a  criticism  of  the  above-mentioned  pioneer 
paper  by  the  Sarasin  cousins,  for  indeed  the  arguments,  now 
easy,  necessar)-  to  show  that  it  must  be  a  factor,  were  at  that  time 
impossible,  because  the  observations  upon  which  these  arguments 
largely  are  based  had  not  then  been  made.  In  fact,  the  absorption 
of  radiation  by  volcanic  dust,  by  which  they  supposed  the  earth's 
temperature  to  be  lowered,  can  now  be  shown  to  be,  of  itself 
alone,  not  only  insufficient,  but  even  productive,  in  all  probability, 
of  the  opposite  effect — of  a  warming  instead  of  a  cooling  of  the 
earth's  surface. 

To  make  this  point  clear :  Consider  a  thin  shell  of  dust  about 
the  earth  and  let  /  be  the  average  intensity  of  the  normal  com- 
ponent of  solar  radiation  on  it,  and  h  the  intensity  of  the  radia- 
tion reaching  the  earth.  Further,  let  a  be  the  average  coefficient 
of  absorption  of  the  dust  shell  for  solar  radiation,  a  coefficient 
independent,  presumably,  of  intensity,  and  h  its  coefficient  of 
absorption  for  terrestrial  radiation,  also  independent  of  intensity. 
Obviously,  in  the  case  of  equilibrium,  all  the  energy  absorbed  by 
the  dust  is  radiated  away;  half  of  it,  very  approximately,  to  the 
earth  and  half  of  it  to  space.  Hence,  starting  with  /  as  the  in- 
tensity of  the  solar  radiation  normally  incident  per  unit  area  and 
unit  time,  upon  the  dust  layer,  we  have, 


in  which 


=  I  \  I  -{■  k  {b  -  a)\ 


{A.) 


Now  h  is  positive,  and,  therefore,  k  is  also  positive.    Hence 

/  j  \  -\-  k  {b  —  a)^  =  I,  according  as  6  =  a. 

The  conclusion,  therefore,  is :  The  total  amount  of  radiation 
reaching  the  earth  is  increased,  unchanged,  or  decreased  owing 
to  absorption  by  the  surrounding  dust  layer  according  as  the 
dust's  coefficient  of  absorption  of  terrestrial  radiation  is  greater 
than,  equal  to,  or  less  than  its  coefficient  of  absorption  of 
solar  radiation. 

Actually  nearly  all,  both  of  the  incoming  and  of  the  outgoing 
radiation,  is  oblique,  but  as  equal  portions  of  each  pass  through 
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equal  thickness  of  the  shell  it  follows  that  the  conclusion  reached 
for  normal  radiation  applies  also  for  the  oblique  radiation. 

While  this  general  conclusion  is  self-evident,  and,  therefore, 
might  have  been  stated  without  the  use  of  symbols,  nevertheless 
equation  {A),  to  be  used  later  on,  will  be  found  convenient  in 
attempts  to  obtain  quantitative  values. 

Now  in  the  case  of  many,  if  not  all,  rocky  materials,  such  as 
make  up  the  particles  of  volcanic  dust,  the  coefficient  of  absorp- 
tion is  much  greater  for  terrestrial  radiation  than  for  solar  radia- 
tion,^® or,  in  terms  of  the  above  symbols,  in  the  case  of  volcanic 
dust,  b  is  greater  than  a.  Hence,  so  far  as  mere  absorption  of 
radiation  is  concerned,  the  only  action  mentioned  by  the  cousins 
Sarasin,  a  veil  of  volcanic  dust,  in  all  probability,  would  slightly 
increase  and  not,  as  they  supposed,  decrease  the  average  tem- 
perature of  the  earth. 

But,  then,  absorption  is  not  the  only  effect  of  a  dust  veil  on 
radiation;  reflection  and  scattering  both  are  important  and  must 
be  fully  considered. 

These  actions,  however,  reflection  and  scattering,  depend 
fundamentally  upon  the  ratio  of  the  linear  dimensions  of  the 
particles  concerned  to  the  wave  length  of  the  incident  radiation, 
and,  therefore,  before  undertaking  to  discuss  them  in  this  con- 
nection, it  will  be  essential  to  determine  the  approximate  size  of 
the  individual  grains  of  floating  volcanic  dust,  and  also  the 
average  wave  lengths  in  the  regions  of  the  respective  maximum 
intensities  of  solar  and  terrestrial  radiation.  It  will  be  desirable, 
also  to  consider  whether  or  not,  and,  if  so,  how,  dust  of  any  kind 
can  remain  long  suspended  in  the  atmosphere.  And  this  point, 
involving  the  structure  of  the  atmosphere,  will  be  examined  first, 
since,  obviously,  the  longer  the  dust  can  float  the  more  important, 
climatically,  it  may  have  been  in  the  past  and  in  the  future  may 
again  become. 

Physical  Strncture  of  the  Atmosphere. — The  atmosphere  is 
divisible  into  the  stratosphere  and  the  troposphere;  or  the  iso- 
thermal region  and  the  convcctive  region;  or,  in  other  words,  that 
region,  in  middle  latitudes  at  and  beyond  al)()ut  i  i  kilometres 
above  sea  level,  where,  because  of  frcedoin  from  vertical  convec- 
tion, ordinary  clouds  never  form,  and  that  other,  or  turbulent, 

"Coblentz,   Publications   of   Carnegie    Institution   of   Washington,   Nos, 

()$  and  97.  , 
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stormy  region  below  this  level,  which  is  frequently  swept  by 
clouds  and  washed  by  snow  and  rain.  The  physical  reason  for 
or  cause  of  the  existence  of  the  isothermal  region  is  well  known 
(see  Chapter  III,  Part  I)  and  is  such  that  it  is  certain  that  ever 
since  the  earth  was  warmed  by  solar  radiation,  as  at  present, 
rather  than  by  internal  heat,  the  temperature  of  its  atmosphere 
beyond  a  certain  level,  whatever  its  composition,  must  have  varied 
but  little,  as  it  now  varies  but  little,  with  change  of  altitude,  and 
therefore  that  this  region  must  then  have  been  free,  as  it  now  is 
free,  from  clouds  and  condensation.  Obviously,  then,  this  peculiar 
physical  structure  of  the  atmosphere  is  of  great  importance  in 
determining  the  duration  of  dust  suspension  for,  clearly,  any 
volcanic  or  other  dust,  that  by  whatever  process  is  gotten  into  and 
distributed  through  the  isothermal  region  where  there  are  no 
clouds  or  other  condensation  to  wash  it  out,  must  drift  about  until 
gravity,  overcoming  the  viscosity  of  the  atmosphere,  by  slow 
degrees  shall  have  pulled  it  down  to  the  region  of  clouds  and 
storms,  where  it  becomes  moisture  laden  and  quickly  brought  to 
the  earth.  How  long  such  process  must  take  depends,  of  course, 
upon  a  number  of  things,  among  which  the  size  of  the  particles 
is  vitally  important. 

Sij:e  of  Volcanic  Dust  Particles. — For  two  or  three  years  after 
the  eruption  of  Krakatoa,  in  1883,  also  after  the  eruption  of 
Mont  Pele  and  Santa  Maria,  in  1902,  and  again  after  the  erup- 
tion of  Katmai,  in  1912.  a  sort  of  reddish-brown  corona  was 
often,  under  favorable  conditions,  observed  around  the  sun.  It 
was  from  10  to  12  degrees  wide,  and  had,  to  the  outer  edge,  an 
angular  radius  of  from  22  to  23  degrees.  This  phenomenon, 
known  as  Bishop's  ring,  clearly  was  a  result  of  diffraction  of  sun- 
light by  the  particles  of  volcanic  dust  in  the  upper  atmosphere,  and 
therefore  it  furnished  a  satisfactory  means  for  determining  the 
approximate  size  of  the  particles  themselves.  The  subject  has  been 
rather  fully  discussed  by  Pernter,'^'  who  finds  the  diameter  of  the 
particles,  assuming  them  spherical,  to  be  approximately  185  x  10"' 
cm.,  or  1.85  microns.   The  equation  used  has  the  form 

m      A 
71-    .sin  e 

in  which  r  is  the  radius  of  the  dust  particle,  A.  the  wave  length  of 
"  Met.  Zeit.,  6.  p.  401,  1889. 
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the  diffracted  light  (here  taken  as  571  x  10"^  cm.,  or  0.571 
micron),  0  the  angular  radius  of  the  ring,  and  m  a  numerical 
term  which  for  the  outer  edge  of  the  ring,  and  successive  minima 
of  brightness,  has  the  approximate  values, 

-  (n  +  0.22) 
2 

in  which  m=  i,  2,  3,  .  .  . ,  respectively. 

Now,  since  the  width  and  angular  dimensions  of  Bishop's 
ring,  as  seen  at  different  times  and  different  places,  have  varied 
but  little,  the  above  value,  1.85  microns,  may  provisionally  be 
assumed  to  be  the  average  diameter  of  those  particles  of  volcanic 
dust  that  remain  long  suspended  in  the  atmosphere, 

Titne  of  Fall. — The  steady  or  terminal  velocity  of  a  sphere 
falling  in  a  fluid,  assuming  no  slip  between  fluid  and  sphere,  is 
given  by  Stokes's  ^^  equation. 


2 


V-^) 


in  which  V  is  the  velocity  of  the  fall,  g  the  acceleration  of  gravity, 
r  the  radius  of  the  sphere,  o-  the  density  of  the  sphere,  p  the  density 
of  the  fluid,  and  m  its  viscosity. 

However,  there  always  is  slip,  so  that  the  actual  velocity  of 
fall  is,  according  to  Cunningham,^® 


9 


-■C-^)(-  +  4) 


in  which  /  is  the  free  path  of  the  gas  molecules,  A  a  constant,  and 
the  other  symbols  as  above  explained. 

Obviously,  /,  other  things  being  equal,  is  inversely  propor- 
tional to  the  gas  density,  or  pressure,  if  temperature  is  constant, 
and  directly  proportional  to  the  absolute  temperature  if  the  pres- 
sure is  constant.     Hence, 


^-l-i'-^X'^h) <■' 


in  which  Z^  is  a  constant  for  any  given  temperature,  p  the  gas 
pressure,  or,  if  preferred,  barometric  height. 

Now,  a  series  of  valuable  experiments  by  McKeehan  '^^  has 

"  Math,  and  Fhys.  Papers,  vol.  iii.  p.  59. 

"  Froc.  Roy.  Soc,  83  A.  p.  357,  1910. 

''"  I'hy.'!.  Ri'V..  33.  I).  153,  ion.  , 
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shown  that  for  21°  C,  and  when  p  is  the  pressure  in  terms  of 
millimetres  of  mercury, 

B  =  .0075  =fc  3. 

The  value  of  /*,  for  dry  air,  is  also  closely  known  from  the 
work  of  a  number  of  experimenters,  all  of  whom  obtained  sub- 
stantially the  same  results.  From  a  careful  review  of  the  whole 
subject,  Millikan^i  f^nds  that  at  23°  C, 

^   =  1824  X  10     .  (   more  recently  18226  x  10      \ 

and  that,  for  the  temperature,  t,  Centigrade, 

150387!  _7  .        , 

Hi  =    J,   . X   10      ,  approximately, 

where  7  =  273.11  +  ^• 

It  is  easy,  therefore,  to  compute,  by  the  aid  of  equation  (i). 
the  velocity  of  fall  of  volcanic  dust,  assuming  gravity  to  be  the 
only  driving  force.  There  is,  of  course,  radiation  pressure,  both 
toward  and  from  the  earth,  as  well  as  slight  convective  and 
other  disturbances,  but  presumably  gravitation  exerts  the  con- 
trolling influence. 

The  following  table  of  approximate  velocities  and  times  of 
fall  for  volcanic  dust  was  computed  by  substituting  in  equation 
( I )  the  given  numerical  values,  namely  : 

sec. 

r  =  .000092  cm. 

^=2.2,  approximate  density  of  Krakatoa  dust. 

p  =0,  being  negligible  relative  to  a- 

M  =  1416  X  ID-',  appropriate  to  -55°  C-,  roughly  the  temperature  of  the 

isothermal  region  in  middle  latitudes. 
5  =  -0056,  appropriate  to  -55°   C. 
p  ^millimetres  barometric   pressure. 

According  to  this  table,  it  appears  that  spherical  grains  of 
sand  of  the  size  assumed,  1.85  microns  in  diameter,  would  require 
about  one  year  to  fall  from  only  that  elevation  already  reached 
by  sounding  balloons,  35.08  kilometres,^^  down  to  the  under  sur- 
face of  the  isothermal  region,  at  the  height  of  11  kilometres. 

"Ann.  der  Phys-,  41,  p.  759,  1913. 
"  L'Astronomie,  27,  p.  329,  1913. 
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Velocity  and  Time  of  Fall 
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Height  in 

Barometric 

Centimetres 

Seconds 

kilometres 

pressure 

per  second 

per  centimetre 

40 

1.84 

1. 02  1 5 

0.979 

30 

8.63 

0.2414 

4- 1 43 

20 

40.99 

0.0745 

13427 

'5 

89.66 

0.0503 

19.874 

11* 

168.00 

O.O40S 

24.492 

0 

760.00 

o.0258t 

38.76ot 

*  Isothermal  level  of  middle  latitudes, 
t  Temperature  21°  C. 

As  a  matter  of  fact,  volcanic  dust,  at  least  much  of  it,  con- 
sists of  thin-shelled  bubbles  or  fine  fragments  of  bubbles,  and, 
therefore,  must  settle  much  slower  than  solid  spheres,  the  kind 
above  assumed.  Indeed,  the  finest  dust  from  Krakatoa,  which 
reached  a  great  altitude,  probably  not  less  than  40  nor  more  than 
80  kilometres,  was  from  two  and  a  half  to  three  years  in  reach- 
ing the  earth,  or,  presumably,  as  above  explained,  the  upper 
cloud  levels. 

At  any  rate,  volcanic  dust  is  so  fine,  and  the  upper  atmosphere 
above  11  kilometres  so  free  from  moisture  and  vertical  convec- 
tion, that  once  such  dust  is  thrown  into  this  region,  as  it  obviously 
was  by  the  explosions  of  Skaptar  Jokull  and  Asamayama  in  1783, 
Babuyan  in  1831,  Krakatoa  in  1883,  Santa  Maria  and  Pele  in 
1902,  Katmai  in  1912,  and  many  others,  it  must  require,  as  a 
rule,  because  of  its  slow  descent,  from  one  to  three  years  to  get 
back  to  the  earth.  And  this  clearly  has  always  been  the  case 
since  the  earth  first  assumed  substantially  its  present  condition, 
or  had  a  cool  crust  and  a  gaseous  envelope. 

Obviously,  then,  it  is  only  necessary  to  determine  the  present 
action  of  .such  dust  on  incoming  solar  and  outgoing  terrestrial 
radiation  in  order  to  reach  a  logical  deduction  as  to  what  its 
effect  on  climate  must  have  been  in  the  past  if,  through  extensive 
volcanic  activity,  it  ever  more  or  less  continuously  filled  the  upper 
atmo.spherc  for  a  long  or  even  considerable  term  of  years,  as 
may  have  happened  several  times  during  the  geologic  ages.  And 
the  same  conclusion  in  regard  to  the  possible  effect  of  dust  on 
the  climates  of  the  past  clearly  applies  with  ecjual  force  to  the 
climates  of  the  future. 

Action  of  Dust  on  Solar  Radiation. — Since  solar  radiation 
at  the  point  of  maximum  intensity  has  a  wave-length  less  than 
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5  X  io~^  cm.,--'  or  half  a  micron,  and  since  fully  three-fourths  of 
the  total  solar  energ}^  belongs  to  spectral  regions  whose  wave- 
lengths are  less  than  10""*  cm.,  or  one  micron,  it  follows  that  the 
cubes  of  solar  wave-lengths  must,  on  the  whole,  be  regarded  as 
small  in  comparison  with  the  volume  of  a  volcanic  dust  particle, 
the  diameter  of  which,  as  above  explained,  is  nearly  2  microns. 
Hence,  in  discussing  the  action  of  volcanic  dust  on  incoming 
solar  radiation,  we  can,  with  more  or  less  justification,  assume 
the  particles  to  be  opaque  through  reflection  or  otherwise,  and, 
therefore,  use  Rayleigh's  ^^  arguments  as  applied  to  a  similar  case. 
Let  r  be  the  radius  of  the  particle,  n  the  number  of  particles 
per  cubic  centimetre,  and  a  the  projected  joint  area  of  these  par- 
ticles.   Then,  for  random  and  sparsely  scattered  particles, 

a   =  n'^r'^ 

Hence,  on  dividing  a  plane  parallel  to  the  wave- front  into 
Fresnel  zones,  it  is  seen  that  for  each  centimetre  traversed  the 
amplitude  of  the  radiation  is  reduced  in  the  ratio  of  i  to  i  -  mrr^. 
Therefore,  if  A  is  the  initial  amplitude,  and  Ax  the  amplitude 
after  passing  through  x  centimetres  of  the  uniformly  dusty  region, 
assuming  mrr-  to  be  only  a  small  fraction  of  a  square  centimetre, 

Further,  if  /  is  the  initial  and  h  the  final  intensity,  then 

Ix  =  le 


—  2n~  r'x 


Hence,  in  the  case  of  volcanic  dust,  where,  as  already  ex- 
plained, r  =  92  X  10'^  centimetre. 

Ax  =  ^,-"-^92^  10-'' 

and 

_  12 
j^  =  /e"2"~^  (92)^  10 

Presumably,  the  particles  of  dust  are  not  absolutely  opaque 
and,  therefore,  Ix  probably  is  a  little  larger  than  the  value  here 
given,  though  even  so  this  value  is  at  least  a  first  approximation. 

"Abbot  and  Fowle,  Annals  Astrophys.  Obsy.,  Smithsonian  Inst.,  vol.  ii, 
p.  104,  1508. 

"Phil.  Mag.,  47,  p.  375.  1899. 
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Action  of  Dust  on  Terrestrial  Radiation. — Terrestrial  radia- 
tion, at  the  point  of  maximum  intensity,  has  a  wave-length  of 
roughly,  12  x  lo"^  centimetres,  and,  therefore,  the  wave-lengths 
of  nearly  all  outgoing  radiation  are  large  in  comparison  with  the 
diameters  of  those  volcanic  dust  particles  that  remain  long  sus- 
pended in  the  atmosphere.  Hence,  while  such  particles  abun- 
dantly refledt  solar  radiation,  as  is  obvious  from  the  whiteness  of 
the  sky  when  filled  by  them,  they  can  only  scatter  radiation  from 
the  earth,  according  to  the  laws  first  formulated  by  Rayleigh,^^ 
whose  papers  must  be  consulted  by  those  who  would  fully  under- 
stand the  equations  which  here  will  be  assumed  and  not  derived. 

Let  E  be  the  intensity  of  terrestrial  radiation  as  it  enters  the 
dusty  shell,  or  as  it  enters  the  isothermal  region,  and  Ey  its  in- 
tensity after  it  has  penetrated  this  region,  supposed  uniformly 
dusty,  a  distance  y  centimetres ;  then,  remembering  that  the  dust 
particles  are  supposed  to  be  spherical,  according  to  Rayleigh, 

Ey  =  Ee-^y 
where 

in  which  n  is  the  number  of  particles  per  cubic  centimetre,  K  the 
dielectric  constant  of  the  medium.  K'  the  dielectric  constant  of 
the  material  of  the  particles,  T  the  volume  of  a  single  particle, 
and  A  the  wave-length  of  the  radiation  concerned. 

But  K=i,  and,  since  the  dust  seems  generally  to  be  a  kind 
of  glass,  it  may  not  be  far  wrong  to  assume  that  K'  =  7.  Hence, 
with  these  values, 

•pi 

h    =   iiT'M^r— ,   nearly. 

A* 

Relative  Action  of  Dust  on  Solar  and  Terrestrial  Radiation. — 
To  determine  whether  such  a  dust  layer  as  the  one  under  discus- 
sion will  increase  or  decrease  earth  temperatures  it  is  necessary 
to  compare  its  action  on  short  wave-length  solar  radiation  with  its 
action  on  long  wave-length  radiation  from  the  earth. 

In  the  ca.se  of  solar  radiation,  as  explained, 

/,  =  jg-2nirxi92yio~ 

''  Loc.  cit. 


Dec.  1919]  Factors  of  Climatic  Control.  797 

Clearly,  then,  the  intensity  of  the  solar  radiation  is  reduced 
in  the  ratio  of  i  to  c.  or 

Ix:I  =  i:e 

when  .r  =  ^w-  (02)*  centimetres  =  —    kilometres,  approximately. 
On  the  other  hand,  in  the  case  of  terrestrial  radiation,  where 

Ey  =£c-"^'"^>'' 

the  intensity  is  reduced  in  the  ratio  of  i  :  ^,  or 

Ey  :  E  =  I  :  c, 


when 

in  which 

and 

Hence, 


V   =  r-^f^,  centimetres, 

1 1  7r^?iT^ 


r  =  I  -(92)^10-'* 
?-  =  12  X  10^'*,  the  region  of  maximum  intensity. 


y   =   kilometres,  approximately. 


Therefore,  finally, 

y  :  X  =  30  :  I,  roughly, 

or  the  shell  of  volcanic  dust,  the  particles  all  being  the  size  given. 
is  some  thirty- fold  more  effective  in  shutting  solar  radiation  out 
than  it  is  in  keeping  terrestrial  radiation  in.  In  other  words,  the 
veil  of  dust  produces  an  inverse  greenhouse  effect,  and  hence,  if 
the  dust  veil  were  indefinitely  maintained,  the  ultimate  equilibrium 
temperature  of  the  earth  would  be  lower  than  it  is  when  no  such 
veil  exists. 

The  ratio  30  to  i  in  favor  of  terrestrial  radiation  in  its  ability 
to  penetrate  the  dusty  atmosphere  may  at  first  seem  quite  too 
large,  but  it  should  be  remembered  that  the  dust  particles  in  ques- 
tion are  to  terrestrial  radiation  in  general  as  air  molecules  are  to 
solar  radiation,  in  the  sense  that  in  both  cases  but  little  more 
than  mere  scattering  takes  place.  Now  it  is  obvious  that  the 
dust  particles  are  many  fold  more  effective  in  intercepting  solar 
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radiation,  which  they  appear  to  do  chiefly  by  reflection,  than  is 
an  equal  mass  of  air  molecules  which  simply  scatter  it;  and  hence 
it  may  well  be  that  the  above  theoretically  determined  ratio,  30 
to  I,  is  no  larger  than  the  ratio  that  actually  exists,  or,  at  any 
rate,  that  it  is  of  the  correct  order. 

It  must  be  distinctly  understood  that  certain  of  the  assump- 
tions upon  which  the  foregoing  is  based — uniformity  of  size, 
complete  opacity  and  sphericity  of  the  dust  particles,  for  instance — 
are  only  approximately  correct,  but  they  are  the  best  that  at  pres- 
ent can  be  made,  and  doubtless  give  at  least  the  order  of  magni- 
tude of  the  effects,  which,  indeed,  for  the  present  purpose,  is 
quite  sufficient. 

It  may  be  w^ell,  in  this  connection,  to  call  attention  to  the  fact 
that  the  excessively  fine  dust  particles,  or  particles  whose  diam- 
eters are  half,  or  less,  the  wave-length  of  solar  radiation  (region 
of  maximum  intensity),  and  which,  therefore,  remain  longest  in 
suspension,  shut  out  solar  radiation  many  fold  more  effectively 
than  they  hold  back  terrestrial  radiation.  This  is  because  both 
radiations,  solar  and  terrestrial,  are  simply  scattered  by  such  small 
particles,  and  scattered  in  proportion  to  the  inverse  fourth  power 
of  the  wave-length.  Indeed,  since  the  ratio  of  solar  wave-length 
to  terrestrial  wave-length  (region  of  maximum  intensity  in  both 
cases)  is,  roughly,  i  to  25,  and  the  ratio  of  their  fourth  powers 
as  I  to  39  X  10"^,  about,  it  follows  that  the  interception  of  out- 
going radiation  by  the  very  finest  and  therefore  most  persistent 
dust  is  wholly  negligible  in  comparison  with  its  interception  of 
incoming  solar  radiation. 

Number  of  Dust  Particles. — The  intensity  of  the  solar  radia- 
tion, h,  after  it  has  passed  through  x  centimetres  of  the  dust 
layer  of  the  atmosphere,  is  given,  as  previously  explained  by 
the  equation, 

j^  ^  jg-2n^x{92yx  10" 


■. — 12 


But,  according  to  numerous  observations  made  during  the 
summer  and  fall  of  191 2,  when  the  solar  radiation  had  passed 
entirely  through  the  dust  layer  at  such  an  angle  that  it  met, 
roughly,  twice  as  many  dust  particles  as  it  would  have  met  had  it 
come  in  normally,  or  from  the  zenith,  it  was  reduced  by  about 
20  per  cent.     That  is  to  say,  under  these  conditions 

Ix  =  0.8  /. 
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Hence 

Let  »;.r  =  2 A',  the  total  number  of  particles  passed  in  a  cylinder 
of  one  square  centimetre  cross  section.    Then 

Hence  the  number  of  particles  in  a  vertical  cylinder  of  one 
square  centimetre  cross  section  is  given,  roughly,  b>'  the  equation 

iV  =  34  X  10^ 

Temperature  Correction  Due  to  Dust  Radiation. — With  the 
number  and  size  of  the  dust  particles  known  it  is  easy  to  determine 
at  least  an  upper  limit  to  the  effect  of  the  direct  radiation  of  the 
particles  themselves  on  the  temperature  of  the  earth. 

The  temperature  of  the  dust  particles,  obviously,  is  very  nearly 
that  of  the  upper  atmosphere  in  which  they  float,  that  is,  approxi- 
mately -55°  C,  or  218°  C.  absolute.  Also,  as  previously  ex- 
plained, the  quantity  of  radiation  from  the  atmosphere  below  the 
isothermal  region  is  substantially  that  which  would  be  given  off  by 
a  full  radiator  at  256°  C.  absolute. 

Now  assume  the  dust  particles  to  be  concentrated  side  by  side 
on  a  common  plane,  and,  further,  assume  them  to  be  full  radiators 
— conditions  that  would  raise  their  effect  to  the  theoretical  upper 
limit.  Let  E  be  the  intensity  or  quantity  per  square  centimetre 
of  the  outgoing  planetary  radiation,  and  D  the  intensity  of  the 
incoming  dust  radiation.    Then  ' 

E  :D  =  (256)*  :a(2i8)S 

in  which  a  is  the  projected  area  of  all  the  particles  in  a  vertical 
cylinder  of  one  square  centimetre  cross  section. 

But 

a  =  34-  10^(92)^10""'^=  9  X  io~^. 

Hence 

E  =  211  D. 

Now,  when  the  radiation  D  is  absorbed  by  the  lower  atmos- 
phere, it  follows  that  its  temperature  will  be  so  increased  that, 
when  equilibrium  is  reached,  the  intensity  of  its  new  radiation 
will  be  to  that  of  its  old  as  212  is  to  211.     Hence  \T,  the  ef- 
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fective  temperature  increase  of  the  lower  atmosphere,  is  given  by 
the  equation 

(256  +  ATy  ^  212 
(256)4  211' 

from  which 

AT  =  o°.3  C. 

But,  as  stated  above,  the  dust  particles,  presumably,  are  not 
full  radiators,  and,  therefore,  probably  one- fifth  of  a  degree  C.  is 
as  great  an  increase  in  temperature  as  may  reasonably  be  expected 
from  this  source.  But  this  increase,  0.2°  C,  is  small  in  compari- 
son with  the  decrease,  6°  C.  to  7°  C,  caused  by  the  interception  of 
solar  radiation,  already  explained.  Hence  it  appears  reasonably 
certain  that  the  sum  to'tal  of  all  the  temperature  effects  produced 
by  volcanic  dust  in  the  upper  atmosphere,  equal  in  amount  to  that 
put  there  by  the  explosion  of  Katmai,  must  be,  if  long  continued, 
a  lowering  of  ihe  surface  temperature  by  several  degrees  C. 

Total  Quantity  of  Dust. — Let  nx  -  2N ,  the  total  number  of 
particles  passed  in  a  cylinder  of  one  square  centimetre  cross  sec- 
tion.   Then,  as  explained  above, 

Hence 

iV  =  34  X  10^ 

roughly  =  number  of  particles  in  a  vertical  cylinder  of  one  square 
centimetre  cross  section. 

li  A  \s  the  entire  area  of  the  earth  in  square  centimetres,  then 
the  total  number  of  dust  particles,  assuming  the  dustiness  every- 
where as  just  found,  is  . 

A^^  =  1734  X  10". 

But  the  radius  of  each  particle  is  92  x  10  "  cm.,  and  its  volume, 
assuming  it  spherical,  33  x  10  '-''  cubic  centimetre.  Hence  the 
total  volume  of  the  dust,  assuming  the  particles  spherical,  is  equal, 
roughly,  to  a  cube  179  metres,  or  about  587  feet,  on  the  side,  an 
amount  that  certainly  is  not  prohibitively  large. 

As  just  stated,  the  total  quantity  of  dust  sufficient, as  explained, 
to  cut  down  the  intensity  of  the  direct  solar  radiation  by  20  per 
cent.,  and  therefore,  if  indefinitely  continued,  capable,  presumably, 
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of  producing  an  ice  age,  is  astonishingly  small — only  the  174th 
part  of  a  cubic  kilometre,  or  the  727th  part  of  a  cubic  mile,  even 
assuming  that  the  particles  are  spherical.  Since,  however,  in  large 
measure,  the  particles  are  more  or  less  flat,  it  follows  that  the 
actual  total  mass  of  the  dust  necessary  and  sufficient  to  reduce  the 
intensity  of  direct  solar  radiation  by  20  per  cent,  probably  is  not 
more  than  the  1500th  part  of  a  cubic  mile,  or  the  350th  part  of 
a  cubic  kilometre. 

Hence,  even  this  small  amount  of  solid  material  distributed 
once  a  year,  or  even  once  in  two  years,  through  the  upper  atmos- 
phere, would  be  more  than  sufficient  to  maintain  continuously,  or 
nearly  so,  the  low  temperature  requisite  to  the  production  of  an 
ice  age;  nor  would  it  make  any  great  difference  where  the  vol- 
canoes productive  of  the  dust  might  be  situated,  provided  only 
that  it  was  driven  high  into  the  isothermal  region  or  stratosphere, 
since,  from  whatever  point  of  introduction,  the  winds  of  the  upper 
atmosphere  would  soon  spread  it  more  or  less  evenly  over  the 
entire  earth. 

A  little  calculation  shows,  too,  that  this  quantity  of  dust  yearly, 
during  a  period  of  100,000  years,  would  produce  a  layer  over  the 
earth  only  about  half  a  millimetre,  or  one-fiftieth  of  an  inch,  thick, 
and  therefore  one  could  hardly  expect  to  find  any  marked  accumu- 
lation of  it,  even  if  it  had  filled  the  atmosphere  for  much 
longer  periods. 

Whether  periods  of  explosive  volcanic  activity — and  in  this 
case,  since  the  locality  of  the  volcano  is  a  matter  of  small  im- 
portance, the  whole  earth  must  be  considered — occurred  at  such 
times  as  to  synchronize  with  the  ice  ages  and  with  other  epochs 
of  great  climatic  change  is,  of  course,  a  problem  for  the  geologist 
to  solve.  However,  this  much  appears  well-nigh  certain:  Since 
the  beginning  of  reliable  records,  say  160  years  ago,  the  average 
temperature  of  the  earth  has  been  perceptibly  lower,  possibly  as 
much  as  0.5°  C,  than  it  would  have  been  if  during  all  this  time 
there  had  been  no  volcanic  explosions  violent  enough  to  put  dust 
into  the  isothermal  region  of  the  atmosphere.  Similarly,  on  the 
other  hand,  if,  during  this  period,  violent  volcanic  explosions  had 
been  three  or  four  times  more  numerous  than  they  actually  were, 
the  average  temperatures  probably  would  have  been  1°  C.  to  2°  C. 
lower,  or  low  enough,  if  long  continued,  to  depress  the  snow  line 
roughly  300  metres,  and  thus  to  begin  a  moderate  ice  age. 

Vol.  188,  No.  1128—58 
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Effect  of  Dust  on  the  Interzonal  Gradient. — If  /  is  the  initial 
intensity  of  radiation  of  a  given  wave-length  and  al  its  intensity 
after  passing  a  unit  distance  through  a  homogeneous  absorbing  or 
scattering  medium,  then  its  remaining  intensity,  after  traveling  n 
units  distance  through  this  medium,  will  be  /  a".  But  n,  in  the 
case  of  solar  radiation  passing  through  the  atmosphere,  is  pro- 
portional to  the  secant  of  the  zenith  distance  of  the  sun;  and  from 
this  in  turn  it  is  evident  that,  in  general,  variations  of  dust  in  the 
upper  atmosphere  must  change  the  temperatures  of  the  high  lati- 
tude regions  more  than  these  within  the  Tropics.  Hence,  an 
increase  of  such  dust  would  steepen  the  interzonal  temperature 
gradients,  strengthen  the  winds,  and  make  heavier  the  rain  and 
snowfall,  a  condition  favorable  to  extensive  glaciation.  Of  course, 
the  increased  circulation  would,  in  turn,  more  or  less  reduce  the 
new  temperature  difference,  but,  nevertheless,  a  portion,  at  least, 
of  the  increase  clearly  would  remain,  and  with  it  the  correspond- 
ing increases  of  wind  and  rain. 

Chapter  IV. 

VULCANISM  :    OBSERVATIONAL. 

It  will  be  interesting  and  profitable  now  to  consider  the  sup- 
plementary portion  of  the  theory  of  the  relation  of  vulcanism  to 
climate.  That  is,  to  consider  the  observational  evidence,  pyrheli- 
ometric  or  other  kind,  bearing  on  the  effect  of  volcanic  dust  on 
solar  radiation,  and  thus  obtain  some  idea  of  those  absolute  values 
essential  to  even  a  rough  determination  of  the  climatic  consequence 
of  volcanic  dust  in  the  high  atmosphere. 

PyrJielionictric  Records. — Direct  nieasurcmeiit  of  solar 
radiation  by  means  of  the  ])yrheli(Mncter,  an  instrument  that 
measures  the  total  heat  of  sunshine,  shows  marked  fluctuations 
from  year  to  year  in  the  intensity  of  this  radiation  as  received  at 
the  surface  of  the  earth.  This  subject  has  been  carefully  studied 
by  Dr.  H.  II.  Kimball,""  of  the  United  States  Weather  Bureau, 
who  prepared  the  accompanying  table,  graphically  represented  by 
Fig.  I.  Since  the  yearly  values  are  given  in  terms  of  the  average 
value  for  the  entire  period,  it  is  obvious  that  porcontagcs  of  this 
average  do  not  represent  the  full  effect  of  the  (lislurl)ing  causes, 
of  which  volcanic  dust  certainly  is  the  chief. 

'"A/.  W.  A'.,  46,  p.  3.S5,  iyi8. 
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Year 

Number  of  stations 

Radiation 

1883 

103 

1884 

92 

1885 

89 

18S6 

96 

1887 

105 

1888 

lOI 

1889 

100 

1890 

96 

1891 

95 

1892 

2 

99 

1893 

2 

104 

1894 

2 

102 

1895 

2 

103 

1896 

3 

103 

1897 

3 

103 

1898 

3 

104 

1899 

3 

103 

1900 

3 

lOI 

19OI 

3 

102 

1902 

3 

99 

1903 

3 

88 

1904 

3 

96 

1905 

3 

100 

1906 

3 

102 

1907 

5 

98 

1908 

5 

99 

1909 

5 

102 

I9I0 
191 1 
I9I2 

I9I3 


102 

103 

92 

93 


The  above  table  of  intensities  was  computed  from  observa- 
tional data  obtained  at  the  following  stations : 

Montpellier,  France,  monthly  means   (noon  values)  . .   1883-1900 

Pavlovsk,  Russia,  monthly  maxima 1892-1913 

Lausanne,  Switzerland,  monthly  means  (noon  values)  ..  1896-1904 

Warsaw,  Russia,  monthly  maxima    1901-1913 

Washington,  D.  C,  and  Mount  Weather,  Va.,  monthly 

means    for   air   mass   2.0 1905-1913 

Simla,    India,   monthly   means    (noon   values) 1906-1913 

•  Paris,  France,  monthly  maxima  1907-1913 

The  marked  decrease  in  the  pyrheliometric  readings  for  1884, 
1885,  and  1886  doubtless  were  largely,  if  not  almost  wholly,  due 
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to  the  eruption  of  Krakatoa  in  the  summer  of  1883  ;  the  decreased 
values  of  1888  to  1892,  inclusive,  occurred  during  a  period  of 
exceptional  volcanic  activity,  but  were  probably  due  essentially  to 
the  violent  eruptions  of  Bandaisan  (1888),  Bogoslof  (1890),  and 
Awoe,  on  Great  Sangir  (1892)  ;  the  low  values  of  1903  to  the 
eruptions  of  Santa  Maria  (1902),  Pele  (1902)  and  Colima 
(1903);  and  the  low  values  of  1912-1913,  to  the  explosion, 
June  6,  191 2,  of  Katmai.  The  slight  depression  in  the  curve  cor- 
responding to  the  year  1907,  during  which  no  violent  eruptions 
were  reported    (this  does  not  exclude  the  possibility  of   such 

Fig.  I. 
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Annual  average,  pyrheliometric  values. 

occurrence  in  remote  and  unfrequented  regions),  according  to 
Dr.  Kimball,  probably  was  caused  by  local  haze  at  Washington, 
D.  C,  where  his  observations  were  made,  and  elsewhere,  and  this 
supposition  is  partially  supported  by  the  fact  that  his  values  for 
the  year  were  not  uniformly  low,  and  by  the  further  fact,  inferred 
from  a  publication  by  Gorczynski,-"  that  during  that  year  the 
solar  radiation  was  but  little  below  normal  at  Warsaw,  Russia. 

There  is,  then,  abundant  pyrheliometric  evidence  that  volcanic 
dust  in  the  upper  atmosphere  actually  does  ])r()(lncc  that  decrease 
in  direct  solar  radiation  that  theory  indicates  it  should,  and.  as 
the  theory  is  well  founded  and  the  observations  were  carefully 
taken,  this  nuitual  confirmation  may  be  regarded  as  conclusive 
both  of  the  existence  of  volcanic  dust  in  the  upper  atmosphere 
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(isothemial  reg^ion)  and  of  its  efficiency  in  intercepting  direct 
radiation  from  the  sun. 

It  should  be  remembered,  however,  in  this  connection,  that 
the  intensity  of  the  solar  radiation  at  the  surface  of  the  earth 
depends  not  only  upon  the  dustiness  of  the  earth's  atmosphere, 
but  also  upon  the  dustiness,  and,  of  course,  the  temperature,  of 
the  solar  atmosphere. 

Obviously,  dust  in  the  sun's  envelope  must  more  or  less  shut  in 
solar  radiation  just  as,  and  in  the  same  manner  that,  dust  in  the 
earth's  envelope  shuts  it  out.  Hence  it  follows  that  when  this  dust 
is  greatest,  other  things  being  equal,  the  output  of  solar  energy 
will  be  least,  and  when  the  dust  is  least,  other  things  being  equal, 
the  output  of  energy  will  be  greatest.  Not  only  may  the  intensity 
of  the  emitted  radiation  vary  because  of  changes  in  the  trans- 
parency of  the  solar  atmosphere,  but  also  because  of  any  variations 
in  the  temperature  of  the  effective  solar  surface,  which,  it  would 
seem,  might  well  be  hottest  when  most  agitated,  or  at  the  times  of 
spot  maxima,  and  coolest  when  most  quiescent,  or  at  the  times 
of  spot  minima. 

Xow,  the  dustiness  of  the  solar  atmosphere,  manifesting  itself 
as  a  corona,  certainly  does  vary  through  a  considerable  range 
from  a  maximum  when  the  sun-spots  are  most  numerous  to  a 
minimum  when  they  are  fewest,  and,  therefore,  partly  because  of 
changes  in  the  transparency  of  the  solar  envelope,  and  partly 
because  of  changes  in  the  solar  surface  temperatures,  if,  as  in  all 
probability  they  do,  such  temperature  changes  take  place,  we 
should  expect  the  solar  constant  also  to  vary  from  one  value  at 
the  time  of  spot  maximum  to  another  at  the  time  of  spot  mini- 
mum, and  to  vary  as  determined  by  the  controlling  factor,  dust 
or  temperature. 

If  the  above  reasoning  is  correct,  it  follows  that  pyrhelio- 
metric  readings  are  functions  of,  among  other  things,  both  the  so- 
lar atmosphere  and  our  own  terrestrial  atmosphere;  and  as  the 
former  is  altered  chiefly  by  sun-spots  or  at  least  varies  with  their 
production  and  existence,  and  the  latter  by  volcanic  explosions,  a 
means  is  at  hand  for  comparing  the  relative  importance  of  the 
two  radiation  screens. 

Fig.  2  shows  one  such  comparison.  The  upper  curve  gives 
smoothed  annual  average  pyrheliometric  readings  (not  solar  con- 
stants, though  closely  proportional  to  them)  and  the  lower  curve 
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sun-spot  numbers.  It  will  be  noticed  that  in  their  most  pronounced 
features  the  two  curves  have  but  little  in  common,  and  that  the 
great  drops  in  the  pyrheliometric  values  occur  simultaneously 
with  violent  volcanic  explosions,  as  already  explained,  and  not  at 
the  times  of  sun-spot  changes.  Hence  it  appears  that  the  dust  in 
our  own  atmosphere,  and  not  the  condition  of  the  sun,  is  a  very 
important,  if  not  the  controlling,  factor  in  determining  the  magni- 
tudes and  times  of  occurrence  of  great  and  abrupt  changes  of 
insolation  intensity  at  the  surface  of  the  earth. 

Fig.  2. 
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Relation  of  pyrheliometric  values  to  sun-spot  numbers  and  volcanic  eruptions. 

Temperatures  at  the  Surface  of  the  Earth. — If  a  veil  of  dust 
actually  should  intercept  as  much  as  one-fifth  of  the  direct  solar 
radiation,  as  Fig.  i  indicates  that  at  times  it  does,  it  would  seem 
that  in  those  years  the  temperature  of  the  atmosphere  at  the  sur- 
face of  the  earth  should  be  somewhat  below  the  normal.  Of 
course,  the  great  supply  of  heat  in  the  ocean  would  produce  a  lag 
in  this  effect,  particularly  over  the  oceans  themselves,  and,  besides, 
there  must  be  both  an  increase  of  sky  light  by  scattering  and  some 
interception  of  earth  radiation  by  the  dust  which,  since  it  is  at 
great  altitudes,  receives  the  full,  or  nearly  the  full,  ])lanetary 
radiation  of  the  earth.  This  increase  of  sky  radiation.  t(\gcther 
with  the  return   terrestrial    radiation,   ol)\iously  compensates  in 
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some  measure  for  the  loss  of  direct  insolation.  However,  meas- 
urements made  by  Abbot  -^^  at  Bassour,  Algeria,  during  the  sum- 
mer of  1912,  show  that  at  this  time  and  place  the  direct  radia- 
tion and  the  sky  radiation,  which  obviously  included  both  the 
scattered  solar  radiation  and  some  return  terrestrial  radiation, 
were  together  less  by  about  10  per  cent,  than  their  normal  com- 
bined values;  and  there  is  no  reason  to  think  that  in  this  respect 
Bassour  was  at  all  different  from  other  places,  certainly  a  large 
portion  of  the  northern  hemisphere,  at  least,  covered  by  the  veil 
of  dust.  Clearly,  then,  if  this  decrease  in  the  radiation  received 
were  universal  and  should  continue  indefinitely,  the  ultimate 
radiation  of  the  earth  would  also  decrease  to  the  same  extent,  or 
10  per  cent.  Now,  since  the  earth,  or  rather  the  water  vapor  of 
the  atmosphere,  radiates  substantially  as  a  black  body  and,  there- 
fore, proportionally  to  the  fourth  power  of  its  absolute  tempera- 
ture, it  follows  that  a  10  per  cent,  change  in  its  radiation  would 
indicate  about  a  2.5  per  cent,  change  in  its  temperature.  But  the 
effective  temperature  of  the  earth  as  a  full  radiator,  which  it 
closely  approaches,  is  about  256°  A.^^  Hence  a  change  of  10  per 
cent,  in  the  radiation  emitted  would  imply  6.4°  C.  change  in  tem- 
perature, an  amount  which,  if  long  enough  continued,  would  be 
more  than  sufficient  to  produce  glaciation  equal  probably  to  the 
most  extensive  of  any  known  ice  age. 

As  above  implied,  not  much  lowering  of  the  temperature  could 
be  expected  to  take  place  immediately ;  how^ever,  some  early  cool- 
ing over  land  areas  might  well  be  anticipated.  To  test  this  point 
the  temperature  records  of  a  number  of  high  altitude  (together 
with  two  or  three  very  dry)  inland  stations  have  been  examined. 
High  altitudes  were  chosen  because  it  w^as  thought  that  the  tem- 
perature effects  of  dust  in  the  upper  atmosphere  probably  are 
most  clearly  marked  above  the  very  and  irregularly  dusty  layers 
of  the  lower  atmosphere;  and  the  condition  that  the  stations 
should  also  be  inland  was  imposed  because  these  are  freer,  pre- 
sumably, than  many  coast  stations,  from  fortuitous  season 
changes.  Thus,  stations  in  the  eastern  portion  of  the  United  States 
were  rejected  because  of  the  great  differences  in  the  winters,  for 
example,  of  this  section  depending  upon  the  prevailing  direction 

"Smithsonian  Miscellaneous  Collections,  vol.  Ix,  No.  29,  1913. 
"Abbot  and  Fowle,   Annals  Astrophys.   Obsy.,   Smithsonian   Institution, 
vol.  ii,  p.  175,  1908. 
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of  the  wind,^°  a  condition  wholly  independent,  so  far  as  known, 
of  variations  in  the  intensity  of  direct  radiation. 

The  number  of  stations  was  still  further  limited  by  the  avail- 
able recent  data.  Hence  the  records  finally  selected,  and  kindly 
put  in  shape  by  the  Climatological  Division  of  the  United  States 
Weather  Bureau,  Mr.  P.  C.  Day  in  charge,  were  obtained  at  the 
following  places : 

Table  II. 
Stations   Whose  Data  Were  Used. 


Name. 


Baker 

Bismarck 

Cheyenne 

Denver 

Dodge  City.  .  . 

El  Paso 

Helena 

Huron 

North  Platte... 

Red  Bluff 

Sacramento .  .  . 
Salt  Lake  City. 
San  Antonio. .  . 

Santa  Fe 

Spokane 

Winnemucca .  . . 
Yioma 


Latitude. 


44 
46' 
41' 
39' 
37' 
31' 
46' 
44" 
41' 
40' 
38' 
40' 
29' 
35' 
47' 
40' 
32' 


46'  N. 
47' N. 
08' N. 
45' N. 
45' N. 
47' N. 
34' N. 

2I'N. 

08' N. 
10' N. 

35' N. 
46' N. 
27'  N. 
41'N. 
40'  N. 
58' N. 
45' N. 


Longitude. 


117°  50'  W. 
100°  38' W. 
104°  48' W. 

105°  00' w. 
100°  00' w. 
106°  30'  w. 

1 12°  04-' W. 

98°  14'W. 

100°  45 'W. 
122°  15'  W. 
121°  30'  W. 
iii°54'W. 
98°28'W. 
105°  57' W. 
II7°25'W. 

117°  43' w. 

114°  36' W. 


Elevation  in 
feet. 


3.466 

1,674 
6,088 

5>29I 
2,509 
3,762 
4,110 
1,306 
2,821 

332 

69 

4,360 

701 

7,013 
1,929 

4,344 
141 


Mont  Ventoux. 

Obir 

Pic  du  Midi.  .  . 
Puy  de  D6me . . 

Santis 

Schneekoppe . . 
Sonnblick 


44°  10' N. 
46°  30' N. 
42°  56'  N. 
45°  46'  N. 
47°  15' N. 
50°44'N. 
47°  3'N. 


5° 

16 

E. 

14° 

29 

E. 

0" 

8' 

E. 

2° 

57' 

E. 

q" 

20' 

E. 

15° 

44' 

E. 

12" 

57' 

E. 

6,234 
6,716 
9,380 
4,813 

8,202 

5,359 
10,190 


Simla 31°    6'N.        77°i2'E. 


7.232 


In  Table  HI  the  first  column  gives  the  year  in  question.  The 
second  column  gives  the  average  departure  in  degrees  F.,  for  the 
seventeen  American  stations,  of  the  annual  average  maximum,  as 
determined  from  the  monthly  average  maxima,  from  the  normal 
annual  maximum,  or  average  of  a  great  many  amiual  average 
maxima.  The  third  column  gives  smoothed  values,  determined 
from  the  actual  values  in  the  second  column  as  follows: 


ITinuphrcys,  Munllily  U'rallwr  R('7*ic7i'.  vol.  \lii,  p.  672,   1914. 
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5  = 


a  +  2b  +  c 


in  which  5"  is  the  smoothed  vahie,  b  the  actual  value  pertaining 
to  the  particular  year  for  which  5  is  being-  computed,  a  and  c  the 
actual  values  for  the  next  previous  and  the  next  succeeding  years, 
respectively.  The  fourth  and  fifth  columns  give,  respectively,  the 
actual  and  the  smoothed  average  departures  of  the  annual  average 
minima,  while  the  sixth  and  seventh  columns  give  the  corre- 
sponding average  departures  of  the  annual  average  means. 

Table  III. 
Average  Temperature  Departures  from  Temperature  Normals. 


Year. 


1880 
1881 
1882 
1883 
1884 
1885 
1886 
1887 
1888 
1889 
1890 
1891 
1892 
1893 
1894 
1895 
1896 
1897 
1898 
1899 
1900 
1901 
1902 
1903 
1904 

1905 
1906 
1907 
1908 
1909 
1910 
1911 
I912 


Maxima. 


Actual.        Smoothed 


—  I, 

+  0, 

—  o. 

—  I. 

—  I. 

+  0. 
+  0. 
+0. 
+  0. 

+  0. 
+  0. 

— o. 
— o. 

—  o. 
— o. 

—  o. 

+  0. 

— o. 

—  o. 
— o. 

+1. 

+1. 

— o. 

—  I, 

+0. 

— o, 

— o. 

o. 

+  0, 

—  o 

+  2 

— o 

—  I 


+0.03 
-0.30 
-0.50 

-1-33 
— 1.20 

-o.i8 

+0.35 
+  3.38 
+0.53 
+0.63 
+0.15 
-0.58 
-0.85 
-0.73 
-0.55 
-0.35 
-0.18 
-0.30 
-0.65 
-0.13 
+0.78 
+0.83 
-0.13 

-0.43 
-0.15 
-0.30 
-0.30 
+0.10 

+0.15 
+0.38 
+0.80 
+0.03 
—0.70 


Minima. 


Actual. 


+  0.6 

—  0.2 

—  I.O 
-0.6 
+  I.I 
+0.1 

-0.9 

-O.I 

+0.6 

—  0.2 
-0.4 
—0.1 
-0.7 
+0.4 
-0.8 
+0.9 
+0.1 
-0.6 
-0.7 
+  1.6 
+  1.1 
+0.5 
-0.6 

+0.5 

—  0.2 
+0.2 
+0.1 

0.0 
-0.4 
+0.6 

-0.5 

—  1.0 


Smoothed. 


-0.68 

—  0.20 

—  0.20 

—  0.70 
-0.28 

+0.43 
+0.10 

-0.45 
-0.13 
+0.23 
-0.05 
-0.38 
-0.33 
-0.38 
-0.18 
-0.08 
+  0.28 
+  0.13 
-0.45 

—  O.IO 

+0.90 
+  1.08 
+0.38 
-0.05 
+0.05 
+0.08 
+0.08 

+0.10 

-0.08 
-0.05 
+0.08 

-0.35 
-0.63 


Means. 


Actual. 


-1-7 

+  0.1 

-0.4 

-1-3 
-1.6 

+0.3 

—  0.2 
0.0 

+0.5 
+  1.1 
+0.7 
—0.2 
—0.1 
-0.4 
+0.6 

-0.3 
+  1.0 
+0.1 

—  0.1 
-0.4 
+  1-9 
+  1-5 
+0.5 
-0.4 
+  1.0 

—  0.1 

+0.5 
+  0.4 
+0.7 

—  0.1 
+  1-7 
-0.3 
-0.9 


Smoothed . 


-0.50 
-0.48 
-0.50 

-115 
-1.05 
-0.30 
-0.03 
+  0.07 

+0.53 
+  0.85 
+0.58 
+  0.05 

—  0.20 
-0.08 
+  0.13 
+0.25 

+0.45 
+0.28 

—  0.13 
+0.25 
+  1.23 
+  1-35 
+0.53 
+0.18 
+0.38 
+0.33 
+0.33 
+0.50 

+0.43 
+0.55 
+0.75 
+0.05 

-0.53 


Fig.  3  shows  the  graphical  equivalents  of  the  smoothed  por- 
tions of  Table  III. 

It  will  be  noticed  that  the  three  curves  of  Fig.  3,  marked 
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maximum,  minimum,  and  mean,  respectively,  are,  in  general, 
quite  similar  to  each  other.  Hence,  because  of  this  mutual  check 
and  general  agreement,  it  seems  reasonably  certain  that  any  one 
set  of  temperature  data,  the  means,  for  instance,  furnishes  a  fairly 
safe  guide  to  the  actual  temperature  and  climatic  fluctuations  from 
year  to  year  or  period  to  period. 

Table  IV  gives  the  weighted  actual  average  departures  and 
the  smoothed  departures  in  degrees  F.  of  the  annual  mean  tem- 
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•Smoothed  averages  of  the  annual  average  temperature  departures  of  17  American  stations. 

peratures  of  the  selected  seventeen  American,  seven  European, 
and  one  Indian  stations  listed  in  Table  I. 

The  average  departures  were  calculated  in  accordance  with 
the  more  or  less  correctly  coefficiented  equation. 
^  _  4^  +  2£:  +  / 
7 
in  which  D  is  the  weighted  departure,  A  the  smoothed  average 
American,  li  the  smoothed  average  European,  and  /  the  smoothed 
Indian,   dei)arturc   of   the   mean   anmial   temperature    from  the 
normal  annual  tctni)eraturc. 

(lo  be  com  hided) 


NOTES  FROM  THE  U.  S.  BUREAU  OF  STANDARDS.* 


MATERIALS  AND  METHODS  USED  IN  THE  MANUFACTURE 
OF  ENAMELED  CAST-IRON  WARES.' 

By  Homer  F.  Staley. 

[abstract.] 

This  is  a  comprehensive  treatise  dealing  with  the  various 
phases  of  the  technology  of  manufacturing  enameled  cast-iron 
wares.  It  is  the  first  publication  dealing  fully  with  this  subject 
in  any  language. 

The  paper  deals  particularly  with  the  coating  of  cast  iron 
with  white  vitreous  enamels  by  the  American  or  dry-powder 
process.  In  this  method  of  manufacture,  the  thoroughly  cleaned 
castings  are  painted  with  a  suspension  in  water  of  powdered  glass, 
clay  and  other  materials.  This  suspension  is  known  as  the  ground 
coat.  The  castings  are  then  heated  until  the  ground  coat  is  thor- 
oughly fused,  forming  an  extremely  thin  layer  of  transparent 
glass  on  the  castings.  The  ware  is  then  withdrawn  from  the 
furnace  and  immediately  coated  by  means  of  long-handled  sieves 
with  a  layer  of  white,  opaque,  powdered  glass,  known  as  the  cover 
coat  enamel.  Next  the  castings  are  returned  to  the  furnace,  and 
in  a  couple  of  minutes  the  cover  coat  enamel  fuses  to  a  smooth 
layer.  Two  such  layers  of  cover  coat  enamel  are  usually  applied, 
giving  a  total  thickness  of  from  '^ / ^^  to  Vitj  of  ^^i  inch.  The  paper 
does  not  discuss  the  enameling  of  cast  iron  with  wet  coat 
cover  enamels. 

Several  sections  are  devoted  to  a  discussion  of  the  preparation 
and  testing  of  the  various  chemicals  and  minerals  used  in  com- 
pounding enamels  and  to  the  effect  each  of  these  has  on  the  physi- 
cal and  chemical  properties  of  enamels.  The  methods  employed  in 
making  and  cleaning  the  castings  are  described  in  detail,  begin- 
ning with  construction  of  patterns  and  ending  with  sand  blasting 
and  polishing.  The  methods  and  equipment,  including  furnaces, 
used  in  preparing  enamels  and  applying  them  to  castings  are  cov- 
ered in  two  sections.     Sections  are  devoted  to  the  control  of  the 

*  Communicated  by  the  Director. 
'Technologic  paper  142. 
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lustre  of  enamels,  the  cause  and  control  of  crazing,  and  to  the 
methods  to  be  used  in  avoiding  blisters,  pin  holes  and  other  minor 
defects.  Typical  formulas  are  given  for  ground  coat  enamels, 
cover  coat  enamels  containing  oxide  of  tin,  and  for  those  contain- 
ing antimony  compounds  as  the  opacifying  agent.  These  formulas 
are  each  stated  in  terms  of  raw  batch  for  looo  pounds  melted 
enamel,  of  percentage  composition  and  of  empirical  chemical  for- 
mula. The  calculations  involved  in  arriving  at  each  form  of 
expression  are  explained  in  detail. 


A  STUDY  OF  THE  DETERIORATION  OF  NICKEL  SPARK  PLUG 
ELECTRODES  IN   SERVICE.'" 

By  Henry  S.  Rawdon  and  A.  J.  Krynitzky. 

[abstract.] 
The  electrodes  of  spark  plugs  are  usually  made  of  commercial 
nickel  wire,  97  per  cent,  grade  being  a  common  material.  After 
considerable  service,  the  electrodes  show  different  types  of  deteri- 
oration. A  peculiar  one  which  occurs  only  in  the  side  electrodes  is 
the  formation  of  transverse  "  knife-cut  "  breaks  together  with 
the  intergranular  embrittling  of  the  metal  adjacent  to  the  break; 
a  gradual  widening  of  the  breach  results  as  a  consequence.  Such 
breaks  were  found  only  in  the  side  electrodes  which  are  firmly 
anchored  at  both  ends.  The  central  electrode  shows  an  embrit- 
tling of  the  surface  metal  only  at  the  extreme  tip,  as  is  also  true 
of  the  type  of  side  electrodes  which  arc  anchored  at  only  one  end. 

This  characteristic  embrittling  of  the  nickel  wire  appears  to 
l)e  due  to  a  combination  of  causes.  Microscopic  examination  of  the 
deteriorated  wires  shows  a  complete  network  of  intercrystalline 
fissures  in  the  embrittled  portions  after  etching.  Often  intercrys- 
talline cracks  extend  deep  into  the  wire.  The  cohesion  between 
the  adjacent  grains  is  greatly  weakened  and  crystals  often  fall 
bodily  out  of  place  upon  slight  etching. 

Continuous  heating  of  nickel  wires  for  several  days  at  a 
high  temperature  (api)roximately  850"  C,  1562''  F.)  develops  an 
intercrystalline  eutectic-like  network,  api)arcntly  of  oxide,  in 
the  outer  zone  of  the  wire.  While  this  aids  in  the  embrittling 
of  such  wires,  it  probably  does  not  contribute  to^the  deterioration 
of  the  electrodes  of  spark  plugs.     Heating  in  reducing  gases, 
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similar  to  those  encountered  in  service,  develops  a  similar  inter- 
granular  network.  Intense  local  heating,  by  means  of  the  electric 
spark,  does  likewise  in  a  small  overheated  zone.  Both  of  these 
causes  probably  contribute  materially  to  the  embrittling  of  the 
electrodes  in  service. 

The  application  of  a  relatively  very  low  tensional  stress  (ap- 
proximately 5  per  cent,  of  the  ultimate  strength  of  the  normal 
material)  was  found  sufficient  to  fracture  nickel  wires  when  hot. 
Wires  broken  in  this  way  show  a  sharp  crystalline  fracture  with 
no  elongation  whatever  and  in  every  respect  the  appearance  is 
identical  with  the  breaks  produced  in  service.  The  central  elec- 
trode is  found  to  deteriorate  much  less  than  the  side  ones.  The 
latter,  w-hen  anchored  at  both  ends  across  the  shell  of  the  plug,  are 
subject  to  tensional  stress  due  to  the  differential  expansion  of  the 
shell  and  hence  the  cracks  develop  quite, readily.  Evidently  this 
deterioration  of  nickel  wire  is  a  characteristic  behavior  of  this 
material  at  high  temperatures. 


THE  CADMIUM  ELECTRODE  FOR  STORAGE  BATTERY 

TESTING.' 

By  H.  D.  Holler  and  J.  M.  Braham. 

[abstract.] 

In  the  operation  and  testing  of  storage  cells,  it  is  frequently 
important,  particularly  in  cases  of  low  capacity,  to  know  the  indi- 
vidual potentials  of  the  positive  and  negative  plates  of  the  cell.  No 
standard  method  of  measuring  the  potentials  of  storage  battery 
plates  is  recognized,  but  for  many  years  the  common  method  has 
consisted  in  measuring  the  potential  differences  betw'een  either 
plate  and  a  piece  of  metallic  cadmium  with  an  ordinary  voltmeter. 
This  method  often  leads  to  contrary  results  and  voltmeters  vary 
great!)'  in  resistance.  The  Bureau  undertook  this  investigation 
to  determine  the  accuracy  of  the  cadmium  electrode  and  the  errors 
to  which  it  is  subject.  As  a  standard  electrode,  the  mercurous 
sulphate  half-cell  was  adopted  after  experiments  which  showed 
it  to  l)e  well  adapted  to  the  purpose.  The  reproducibility  of  the 
cadmium  electrode  was  first  determined  and  then  the  effect  of 
temperature,  the  effect  of  drying  the  electrodes  and  the  polari- 
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zation  of  the  electrode  were  studied.  The  constancy  of  the 
ca(hnium  electrode  during  measurements  of  the  potentials  of 
storage  battery  plates  when  on  charge  and  discharge  was  also 
determined.  This  investigation  deals  only  with  the  accuracy 
of  the  cadmium  electrode  and  does  not  discuss  the  cadmium 
readings  with  reference  to  the  age  or  the  condition  of 
the  battery. 

The  most  important  error  found  was  due  to  the  polariza- 
tion of  the  electrode  but  this  error  can  be  easily  avoided  if  the 
electrode  is  used  to  measure  the  potential  of  the  negative  plate 
from  which  the  potential  of  the  positive  plate  may  be  calcu- 
lated if  the  cell  voltage  is  known.  This  is  contrar}^  to  the  way 
the  electrode  is  generally  used,  but  it  eliminates  the  chief  error 
which  arises  when  the  ordinary  voltmeter  is  employed  to 
measure  the  voltasfe. 


THE  DEPENDENCE  OF  THE  INPUT  IMPEDANCE  OF  A  THREE- 
ELECTRODE  VACUUM  TUBE  UPON  THE  LOAD  IN 
THE  PLATE  CIRCUIT.^ 

By  John  M.  Miller. 
[abstract.] 
Because  of  the  capacities  between  the  electrodes  of  three- 
electrode  vacuum  tube,  the  input  impedance,  w-hich  determines 
the  input  voltage  supplied  to  the  grid  of  the  tube  by  the  appa- 
ratus in  the  input  circuit,  depends  upon  the  electrical  character- 
istics of  the  plate  or  output  circuit.  In  this  paper  theoretical 
relations  are  established  which  permit  the  input  impedance  to 
be  calculated  when  the  impedance  in  the  plates  circuit  is  known. 
These  relations  are  also  checked  by  experiment. 


THERMAL  EXPANSION  OF  INSULATING  MATERIALS.' 
By  Wilmer  H.  Souder  and  Peter  Hidnert. 
[abstract.] 
Tins  paper  gives  data  on  a  few  materials  possessing  irregu- 
lar or  unusual  expansive  properties. 

In  most  cases  the  expansions  are  too  irregular  to  justify  the 
use  of  the  general  quadratic  equations. 

*  Scientific  paper  351. 
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A  knowledge  of  the  thermal  behavior  of  these  materials  is 
essential  l^efore  assembling  them  in  certain  types  of  apparatus 
subjected  to  wide  temperature  variations. 

The  most  striking  peculiarities  are  : 

(a)  The  wide  range  in  the  values  of  the  coefficient  of  por- 
celain (from  1.6  to  19.6  millionths  per  unit  length  per  de- 
gree Centigrade). 

(b)  The  three  varieties  of  expansions  for  porcelain;  namely, 
straight  line,  concave  and  convex  expansion  curves. 

(r)  The  shrinkage  and  the  loss  in  weight  of  the  phenol  and 
similar  compounds  when  subjected  to  excessive  heat  treatment. 

((/)  The  permanent  growth  and  variations  of  different 
marbles  when  subjected  to  heat  treatment. 

(e)  The  negative  coefficient  of  expansion  of  marble  at 
low  temperatures. 

VARIATION  IN  DIRECTION  OF  PROPAGATION  OF  LONG 

ELECTROMAGNETIC  WAVES." 

By  a  Hoyt  Taylor,  U.  S.  Naval  Aircraft  Laboratory. 

[abstract.] 
The  observed  direction  of  radio  waves  as  obtained  with  a 
direction-finder  varies  with  time,  when  long  waves  are  used  such 
as  those  of  very  high-power  stations.  The  variations  of  direc- 
tion are  of  the  order  of  90°  for  very  long  waves.  No  such  large 
variations  are  found  for  short  damped  waves  produced  by  spark 
apparatus.  A  method  of  increasing  the  sharpness  of  determina- 
tion of  direction  has  l^een  worked  out.  A  theoretical  explanation 
of  the  variations  of  directions  is  given,  based  on  the  existence 
of  media  in  the  earth's  atmosphere  capable  of  reflecting  and  re- 
fracting the  waves. 


PRINCIPLES   OF   RADIO   TRANSMISSION   AND    RECEPTION 
WITH  ANTENNA  AND  COIL  AERIALS.' 

By  J.  H.  Dellinger. 

[abstract.] 
Coil  aerials  are  coming  to  replace  the  large  antennas  in  radio 
work.    The  advantage  of  the  coil  aerial  as  a  direction-finder  inter- 
ference preventer,  reducer  of  strays  and  submarine  aerial,  make  it 

'  Scientific  paper  353. 
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important  to  know  how  effective  such  an  aerial  is  as  a  transmitting 
and  receiving  device  in  comparison  with  the  ordinary  antenna.  In 
this  article  the  mathematical  theory  is  presented  and,  as  a  result, 
the  answer  to  this  question  is  obtained.  Experiments  have  verified 
the  conclusions  reached,  and  the  formulas  which  are  obtained 
are  a  valuable  aid  in  the  design  of  an  aerial  to  fit  any  kind  of 
radio  station. 

A  great  many  questions  and  hazy  ideas  on  the  behavior  of 
radio  waves  are  cleared  up  by  the  study  which  was  made  and 
here  presented. 

It  is  found  that  the  coil  aerial  is  particularly  desirable  for 
communication  on  short  wave-lengths.  A  coil  aerial  is  as  power- 
ful as  an  antenna  only  when  its  dimensions  approach  those  of  the 
antenna.  For  other  reasons,  however,  a  small  coil  aerial  is  in 
many  cases  as  effective  as  a  large  antenna. 

It  is  shown  that  an  advantageous  type  of  radio  aerial  is  a " 
condenser  consisting  of  two  large  metal  plates.  This  type  of  aerial 
has  many  of  the  advantages  of  the  coil  aerial. 

The  fundamental  principles  of  design  of  aerials  are  given  in 
this  paper.  On  the  basis  of  this  work  the  actual  functioning 
of  any  type  of  radio  aerial  can  be  determined  either  from  meas- 
urements made  upon  the  aerials  or  from  actual  transmis- 
sion experiments. 

The  investigation  has  oj)ened  up  a  large  and  most  inter- 
esting field  for  further  research  and  progress  in  the  utilization 
of  radio  waves. 


DETERMINING  THE   OUTPUT   CHARACTERISTICS   OF 
VACUUM-TUBE   GENERATORS." 

By  Lewis  M.  Hull. 
[abstract.] 
The  direct-coupled,  Hartley  circuit  can  be  taken  as  typical 
of  the  circuits  used  in  connection  with  the  thrce-electnxle  vacuum 
tube  for  the  purpo.se  of  generating  oscillations.  The  grid  and 
filament  of  the  tul)e  in  this  particular  circuit  are  connected  t(^  the 
branched  circuit  containing  inductance  and  capacity  in  such  a 
manner  as  to  include  a  portion  of  the  inductance  of  that  circuit; 
the  rest  of  the  inductance  of  the  circuit  is  included  between  the 
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plate  and  filament,  while  a  capacity  and  resistance,  representing 
the  antenna,  is  connected  between  grid  and  plate.  Power  is  sup- 
plied to  the  circuit  from  a  high-voltage  battery  or  generator,  which 
is  connected  in  series  with  the  plate,  filament,  and  branched  output 
or  oscillatory  circuit.  When  the  system  is  in  oscillation,  power 
from  the  direct-current  source  is  converted  into  oscillating-current 
power ;  the  oscillating  current  flows  in  series  through  the  capacity 
and  coils  of  the  branched  circuit,  its  w-ave  form  being  practically 
sinusoidal,  and  its  frequency  of  oscillation  being  the  natural  or 
resonant  frequency  of  the  branched  circuit.  This  current  induces 
sinusoidal  oscillating  voltages  across  the  plate  and  grid  coils  hav- 
ing a  definite  constant  ratio  of  amplitudes,  and  so  related  as  to 
phase  that  when  the  grid  is  e  volts  positive  or  negative  with  respect 
to  the  filament,  the  plate  is  (Eb~ne)  volts  positive  or  (Eb  +  ne) 
volts  positive,  Eb  being  the  steady  supply  voltage,  and  n,  the  ratio 
of  plate  and  grid  coupling  reactances.  Under  the  influence  of 
these  sinusoidal  voltages  a  pulsating  electron  current  flows  in  the 
grid-filament  circuit  whose  fundamental  constituent  is  in  phase 
with  the  alternating  grid  voltage ;  this  current  represents  a  with- 
drawal of  power  from  the  output  circuit.  Likewise  a  pulsating 
current  flows  in  the  plate-filament  circuit  whose  fundamental  con- 
stituent is  opposite  in  phase  to  the  alternating  component  of  plate 
voltage ;  this  current  supplies  power  to  the  output  circuit.  A 
conduction  of  stability  ensues  when  the  power  supplied  by  the 
fundamental  of  plate  current  minus  the  power  dissipated  by  the 
fundamental  of  grid  current  is  just  equal  to  the  power  dissipated 
by  the  output  current  in  the  resistance  of  the  antenna. 

The  fundamental  constituents  of  the  electron  currents  which 
will  be  supplied  by  a  given  tube  under  the  action  of  sinusoidal  plate 
and  grid  voltages  can  be  computed  as  functions  of  these  voltages 
from  a  family  of  "  static  characteristics  "  of  the  tube  which  are 
obtained  by  varying  these  voltages  step  by  step  and  measuring  the 
resulting  steady  values  of  current.    The  effective  power  output  is 

..  =  f-'(..--l/,) 

where  Eg  is  the  amplitude  of  grid  voltage  and  Ip  and  h  are  the 
amplitudes  of  the  fundamentals  of  plate  and  grid  currents,  re- 
spectively.   The  efficiency  is 

•^  E*  V        olp       ) 
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where  Ei,  is  the  steady  supply  voltage  and  oI,>  is  the  reading  of 
a  direct  current  ammeter  in  the  plate  circuit. 

From  the  current  characteristics  the  power  output  can  be 
obtained  graphically  as  a  function  of  the  grid  voltage : 

Moreover, 


'■■  -  '■'  V 
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Where  Lg  is  the  grid  inductance  and  R,  C,  L.  are  the  total  resist- 
ance, inductance,  and  capacity  of  the  antenna  circuit.     A  simul- 
taneous graphical  solution  of  these  two  equations  gives  the  power 
output  from  the  tube  as  a  function  of  any  of  the  three  electrical 
constants  of  the  output  circuit. 

Such  solutions  can  1>e  obtained  graphically  for  any  type  of 
tube  whose  static  characteristics  are  known. 


Twenty-three  Types  of  Optical  Glass.  R.  J.  Montgomery. 
(American  Ceramic  Society,  September  24,  1919.) — A  distinction 
should  be  made  between  optical  and  other  kinds  of  glass.  By  the 
word  optical  we  mean  those  glasses  which  are  selected  for  certain 
purposes  because  of  their  behavior  toward  transmitted  light. 
This  behavior  is  primarily  due  to  its  composition  and  not  to  its 
shape.  Measurements  of  the  index  of  refraction  and  dispersion 
classify  the  optical  glasses  into  sub-divisions.  In  ordinary  glass 
the  composition  may  be  changed  to  obtain  satisfactory  melting 
qualities,  but  in  optical  glass  each  change  in  composition  will 
change  the  optical  properties.  On  this  account  optical  glass  is 
much  more  difificult  to  make  as  the  o])tical  properties  must  be  held 
constant  within  very  narrow  limits. 

One  hundred  or  more  oj)tical  glasses  ba\e  been  listed,  but  prac- 
tically all  of  them  may  be  placed  in  23  groups.  The  ones  in  eacli 
grouj)  are  (juite  similar  in  comijosition  and  in  method  of  manu- 
facture. They  may  be  shown  graphically  by  ])l()tling  the  index 
(;f  refraction  agafnst  dispersion  on  co(")rdinate  pajjcr.  The  inde.x 
of  refraction  may  vary  from  about  1.45  to  \a)(),  while  the  dis])er- 
sion  may  vary  from  about  20.0  to  70.0.  l-'rom  the  i)k)tte(l  informn- 
tion  it  is  easy  to  determine  the  fields  in  which  each  j^Iass  constituent 
is  used  in  the  largest  amount.  We,  therefore,  have  the  lead  iield,  the 
barium  field,  the  soda-lime  field,  the  boric  acid  field,  etc.  Approxi- 
mate compositions  arc  api)arent  and  new  glasses  nia\-  he  developed 
bv  interi)olation  between  the  eonipositions  of  known  glasses. 


NOTES  FROM  THE  LABORATORY,  GENERAL 
ELECTRIC  COMPANY.* 

THE  IONIZATION  GAGE. 
By  S.  Dushman  and  C.  G.  Found. 

[abstract.] 

I.  Constntction  and  Calibration. — The  design  used  by  the 
writers  consists  of  two  concentric  tungsten  filaments  inside  a 
coaxially  situated  cyhnder.  The  inner  filament  is  used  as  a  source 
of  electrons  with  the  outer  one  as  anode,  while  the  cylinder  is 
used  as  positive  ion  collector.  The  gage  was  calibrated  by  a 
"flow"  method  (based  on  Knudson's  formula  for  the  flow  of 
gases  through  capillaries)  for  extremely  low  pressure,  and  it  was 
found  that  the  electron  emission  is  proportional  to  the  pressure 
over  a  range  which  extends  from  over  lo  bars  to  lo""^  bars,  and 
it  is,  therefore,  probably  certain  that  this  same  relation  holds  at 
the  lowest  attainable  pressures. 

II.  Relation  between  Ionization  Current  at  Constant 
Pressure  and  Xumber  of  Electrons  per  Molecule  of  Gas. — Cali- 
bration of  the  gage  with  different  gases  led  to  the  interesting 
relation  that  the  number  of  positive  ions  formed  at  constant 
electron  emission  and  constant  pressure  is  proportional  to  the 
number  of  electrons  per  molecule  of  the  gas  ionized.  It  is  pos- 
sible, therefore,  by  this  method  to  determine  molar  numbers  for 
different  gases.  By  molar  number  is  meant  the  sum  of  the  prod- 
ucts, atomic  number  times  number  of  atoms  taken  for  each  atom 
in  the  molecule.  Thus  the  molar  number  of  iodine  is  2  x  53  =  io6 ; 
and  for  HgL  it  is  80  +  2  x  53  =  186.  Vapor  pressure  determina- 
tions of  l)oth  these  substances  gave  results  agreeing  with  the  above 
values  for  the  molar  numbers.  If  it  be  assumed  that  ionization 
is  due  to  collisions  between  thermions  and  electrons  in  the  atoms, 
it  is  possible  to  calculate  the  mean  free  path  of  an  electron  in  any 
gas  at  a  given  pressure,  and  also  the  effective  diameter  of  the 
electron.  For  argon  at  i  bar  pressure  and  room  temperature,  the 
mean  free  path  is  about  150  cm.,  and  the  diameter  of  the  electror 
is  calculated  on  this  basis  as  about  4.4  x  lo'"  cm. 

*  Communicated  by  the  Director. 
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Biochemical  Studies  of  the  Diet. — In  a  paper  on  the  relation 
of  the  diet  to  pellagra,  E.  V.  McCollum  {Proceedings  of  the 
American  Philosophical  Society,  1919,  vol.  Iviii,  pp.  41-54)  gives  a 
summary  of  recent  biochemical  discoveries  concerning  a  satisfac- 
tory diet.  The  diet  must  furnish  sufficient  energy  in  the  form  of 
carbohydrates,  fats  and  proteins,  an  adequate  supply  of  mineral 
food  or  ash  in  suitable  combinations,  and  a  sufficient  amount  of 
the  two  food  hormones,  or  vitamines  fat-soluble  A  and  water- 
soluble  B.  The  proteins  must  be  suitable  in  both  quality  and 
quantity  ;  quantitatively  the  ration  should  contain  a  liberal  amount 
of  protein  ;  qualitatively  the  value  of  a  protein  depends  on  its 
source,  those  of  the  navy  bean  or  pea  are  less  valuable  than  those 
of  the  cereal  grains,  and  these  in  turn  less  valuable  than  those 
of  milk.  The  food  hormones  are  dietary  essentials,  as  yet  uniden- 
tified chemically ;  absence  of  fat-soluble  A  from  the  diet  produces 
a  diseased  condition  of  the  eye  known  as  xerophthalmia,  while 
absence  of  water-soluble  B  gives  rise  to  the  disease  beri-beri.  A 
satisfactory  diet  cannot  be  obtained  from  mixtures  of  seeds  or 
products  obtained  by  their  milling  with  tubers,  edible  roots,  and 
cuts  of  meat  consisting  of  muscle  ;  in  addition  one  or  more  of  the 
protective  foods  must  be  eaten.  The  group  of  protective  foods 
includes  milk,  eggs,  and  leafy  vegetables ;  by  virtue  of  their  inor- 
ganic content  of  fat-soluble  A,  and  the  quality  of  their  proteins, 
they  insure  the  presence  of  a  sufficient  amount  of  these  ingredi- 
ents in  the  diet  if  they  be  used  in  sufficient  quantity ;  they  thereby 
protect  the  health,  hence  their  name  protective  foods.  If  food- 
stuflf  or  mixture  of  foodstuffs  may  be  analyzed  by  the  biological 
method,  it  is  fed  to  a  group  of  animals,  such  as  rats,  while  other 
groups  receive  it  supplemented  by  pure  protein,  or  salts,  or  a 
food  hormone,  etc.,  the  influence  of  the  various  rations  on  the 
weight  and  health  of  the  experimental  animals  is  then  observed. 
Pellagra  is  caused  by  an  infectious  agent,  and  not  by  a  faulty 
diet,  however  such  a  diet  may  increase  the  susceptibility  to 
this  disease.  J-  S.  H. 

Steel  Disk  Automobile  Wheels.  (Scientific  American,  vol.  cxxi, 
p.  225,  September  6,  1919.) — There  is  a  growing  tendency  on  the 
part  of  motorists  to  favor  the  pressed  steel  disk  wheel  and  in- 
creasing numbers  of  fine  cars  are  being  equipiuHl  with  traction 
and  support  members  of  this  type.  The  wheel  used  for  passenger 
cars  is  a  single  disk  type,  being  dished  for  strength.  In  most 
designs  the  thickness  of  the  metal  is  greater  at  the  centre  than 
at  the  rim,  thus  proportioning  the  section  to  the  strain  coming 
upon  it.  A  cast-steel  master  hub  is  fastened  to  tiie  axle,  and  the 
steel  disk  is  attached  to  this  by  four  easily  removable  nuts  which 
screw  on  studs  in  the  permanent  huh  flange.  The  disk  wheel  is 
as  easily  removed  as  any  other  type  and  is  stronger  and  more 
easily  washed  tlian  tlie  conventional  wood  or  wire  spoked  forms. 


NOTES  FROM  THE  U.  S.  BUREAU  OF  CHEMISTRY.* 


PHTHALIC  ANHYDRIDE.     I.  INTRODUCTION.' 

By  H.  D.  Gibbs. 

[abstract.] 

Phthalic  anhydride,  a  valuable  intermediate  for  the  manu- 
facture of  certain  important  dyes  and  medicinals,  is  usually  made 
jjy  the  oxidation  of  naphthalene  by  means  of  sulphuric  acid  in  the 
presence  of  mercury  compounds  as  catalysts.  This  method  is  not 
as  satisfactory  as  might  be  desired,  since  the  yields  are  poor  and 
erratic,  generally  averaging  about  25  per  cent,  theoretical  but 
occasionally  running  as  high  as  55  per  cent. 

It  had  been  previously  found  that  toluene  vapors  can  be  oxi- 
dized by  passing  a  mixture  of  them  with  oxygen  or  air  heated  to 
a  temperature  varying  from  the  boiling  point  of  toluene  to  550°  C. 
over  oxides  of  the  fifth  and  sixth  groups  of  the  periodic  system, 
especially  vanadium  oxide  and  molybdenum  oxide.  Under  these 
conditions  the  toluene  is  oxidized  to  benzaldehyde  and  benzoic 
acid,  the  former  predominating.  Similar  reactions  with  ( i )  naph- 
thalene vapors  and  air  produce  phthalic  anhydride,  with  (2)  an- 
thracene and  air.  anthraquinone  and  with  (3)  phenanthrene  and 
air,  phenanthraquinone.  Since  the  demand  for  phthalic  anhydride 
was  acute,  this  problem  was  the  first  one  thoroughly  investigated. 

The  best  laboratory  yield  was  82  per  cent,  theoretical,  or  about 
95  grams  of  phthalic  anhydride  from  100  grams  of  naphthalene. 
A  small  scale  factory  unit  set  up  in  the  laboratory  produced  about 
150  grams  of  phthalic  anhydride  in  one  hour.  A  notable  fact  in 
regard  to  this  method  is  the  remarkable  degree  of  purity  of  the 
phthalic  anhydride. 

The  Department  of  Agriculture  is  cooperating  with  chemical 
manufacturers  on  this  process,  which,  it  is  believed,  once  all  the 
details  are  worked  out.  will  be  the  most  economical  and  practicable 
method  known  for  making  phthalic  anhydride,  and  this  compound 
may  become  one  of  the  cheapest  organic  compounds. 

*  Communicated  by  the  Chief  of  the  Bureau. 

'  Published  in  /.  Ind.  Eng.  Chem.,  vol.  xi,  No.  11,  Nov..  1919,  pp.  1031,  1032. 
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Scientific  Research  in  Relation  to  the  Glass  Industry.  Edward 
W.  Washburn.  (American  Ceramic  Society,  September  29.  1919) 
— With  the  development  of  methods  of  producing,  controlling 
and  measuring  high  temperatures  in  the  laboratory  our  knowledge 
of  the  chemistry  and  physics  of  high  temperature  processes  has 
steadily  increased  and  applications  of  that  knowledge  have  natu- 
rally followed.  The  stimulus  of  the  war  has  aided  greatly  in 
bringing  together  the  practical  man  of  the  factory  and  the  sci- 
entist of  the  laboratory.  But  in  glass-making  we  know  liozv  to-day 
much  better  than  we  know  zvhy.  Progress  demands  that  we  know  ■ 
why.  In  industrial  laboratories  the  work  to  be  done  may  be  roughly 
classified  under  three  headings:  (i)  Routine  testing  of  raw  mate- 
rials and  products  and  similar  control  work;  (2)  works  problems, 
including  the  curing  of  troubles  and  the  improvement  of  processes 
and  products;  (3)  fundamental  research  to  find  out  the  zchy  of  the 
operations  or  to  secure  quantitative  scientific  data  covering  mate- 
rials, processes  and  products  In  the  glass  industry  almost  all  of 
the  fundamental  research  work  remains  to  l)e  done.  For  example, 
very  little  is  known  of  the  relations  between  (i )  viscosity  and  (2) 
temperature  and  composition,  although  viscosity  has  long  been 
recognized  as  of  great  importance  in  making  and  working  glass. 
Surface  tension  and  vapor  pressure  and  even  density  have  scarcely 
been  studied  at  all.  Of  the  reactions  and  comi)ounds  we  know 
almost  nothing.  The  nature  of  gases  remaining  in  solution  is 
almost  unknown,  as  well  as  their  eflfect,  if  any,  on  the  properties 
of  the  glass.  Many  unanswered  cjuestions  are  referred  to.  includ- 
ing relations  between  comi)osition  and  pro])crties,  cause  of  green- 
ish color  resulting  from  substituting  soda  for  potash,  the  condition 
of  cop])er  in  glass,  the  cause  of  pink  color  from  manganese,  and 
red  in  chrome  pink,  the  function  of  arsenic.  There  are  three  types 
of  laboratories  to  carry  out  such  researches:  (i)  industrial,  (2) 
government  or  research  foundations,  and  (3)  university.  The 
endowment  of  research  profcssorshi])^  in  glass  wonld  hnvc  a  very 
stimulating  efi'ect. 

The  Penetration  of  Iron  by  Hydrogen.  T.  S.  Fullkr.  {.hncri- 
can  Electrochemical  Society,  1919.) — The  results  are  given  of  ex- 
periments showing  the  effect  of  various  conditions  on  the  pene- 
tration of  iron  by  nascent  hydrogen  at  temperatures  from  20°  to 
100°  C.  Hydrogen  was  generated  on  the  outside  of  an  iron  tube  by 
immersing  the  tube  in  a  solution,  and  the  volume  of  gas  penetrat- 
ing to  the  inside  of  the  tube  was  measured.  The  rate  was  greater 
for  a  unit  immersed  without  electrical  connections  than  when 
the  unit  was  used  as  a  catiiode,  but  in  tiie  latter  case  the  greater 
the  current  the  greater  the  penetration.  The  rate  also  increases 
with  the  temperature.  Coi)i)er  is  not  penetrated,  but  a  coating  of 
tin  on  the  iron  increases  the  rate.  The  effects  of  other  condi- 
tions are  shcnvn.  G.   F.  S. 


NOTES  FROM  THE  U.  S.  BUREAU  OF  MINES* 


WHY   AND    HOW   COKE   SHOULD   BE   USED   FOR   DOMESTIC 

HEATING. 

By  Henry  Kreisinger  and  A.  C.  Fieldner. 

Coke  should  be  used  for  domestic  heating  because  it  is  a 
smokeless  fuel.  Estimates  of  the  cost  of  smoke  to  the  com- 
munity are  given  as  $12  per  capita  per  year  in  Cleveland  and  $20 
per  capita  per  year  in  Pittsburgh.  The  use  of  small  sizes  of  coke 
for  domestic  heating  gives  a  better  return  to  the  coke  producers 
and  encourages  the  production  of  coke  and  its  by-products,  which 
is  an  advantage  to  the  nation  as  compared  to  burning  raw  bitumi- 
nous coal  as  fuel.  It  makes  more  gas  available  to  the  householder, 
with  its  resulting  convenience  and  economy.  The  ammonia  that 
is  made  as  a  by-product  of  coke  is  used  for  fertilizer  and  helps  to 
keep  down  the  price  of  food.  Coal-tar  from  coking  furnaces  is 
the  raw  material  from  which  many  drugs,  dyes,  paints,  preserva- 
tives, roofing,  road  dressing  and  a  myriad  of  other  substances 
are  made.  Increasing  the  supply  of  the  raw  material  helps  keep 
down  the  price  of  the  finished  product.  In  addition,  a  coke  fire  is 
easier  to  tend  and  makes  less  dirt  in  the  house.  Learning  how  to 
manage  a  fire  when  coke  is  burned  is  a  relatively  simple  matter 
that  is  described  in  detail  in  Technical  Paper  242,  Bureau  of 
Mines,  which  is  sent  free  on  request. 


THE  VAPOR  PRESSURE  OF  LEAD  CHLORIDE. 
By  E.  D.  Eastman  and  L.  H.  Duschak. 

The  vapor  pressure  of  the  chloride  of  lead,  and  of  other  metals 
with  which  it  is  associated  in  nature,  is  a  matter  of  interest  to  the 
metallurgist  because  it  seems  possible  that  the  problem  of  economi- 
cal treatment  of  the  complex  ores  of  lead,  zinc,  silver,  and  copper 
may  be  solved  through  the  use  of  processes  involving  a  chloridiz- 
ing  roa.st  and  subsequent  volatilization  of  part  or  all  of  the  valuable 
metallic  constituents.    To  successfully  develop  such  processes  an 

*  Communicated  by  the  Director. 
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accurate  knowledge  of  the  fundamental  data,  such  as  vapor 
pressures  of  the  metals  involved,  is  essential. 

The  material  to  be  studied  was  heated  in  a  hand-regulated 
electrical  furnace,  using  an  apparatus  devised  for  the  purpose. 
The  heating  was  carried  on  in  an  atmosphere  of  nitrogen,  pre- 
pared by  the  Lupton  method.  The  weight  of  lead  chloride  recov- 
ered was  determined  by  steaming  out  the  condenser  tube  and  ti- 
trating for  chloride  by  the  Volhard  method. 

The  results  of  the  investigation  are  given  in  Technical  Paper 
225  of  the  Bureau  of  Mines.  They  form  a  smooth  curve  between 
the  values  of  0.141  mm.  of  mercury  at  500°  C.  to  600  mm.  mer- 
cury at  925°  C.  The  melting  point  of  lead  chloride  is  determined 
as  495°  C.  and  the  boiling  point  at  945°  C.  at  a  pressure  of  754 
mm.  of  mercury.  The  heat  of  vaporization  of  lead  chloride  at 
the  melting  point  is  calculated  to  be  40,600  calories.  The  vapor 
pressure  of  solid  lead  chloride,  down  to  400°  C.  are  calculated  and 
shown  graphically.  Details  of  the  methods  used  and  results  ob- 
tained are  given  in  the  publication  referred  to  above. 


AN  ANALYTICAL  METHOD  FOR  DETECTING  BLOWN-OUT 
SHOTS  IN  COAL  MINES. 

By  G.  F.  Hutchison  and  Jacob  Barab. 

A  BLOWN-ouT  shot  is  the  term  applied  to  the  detonation  of  a 
charge  of  explosive,  intended  to  break  down  coal,  or  other  min- 
eral, when  the  explosion  takes  place  much  as  it  would  in  a  gun- 
barrel,  without  causing  much  rupture  of  the  material  surrounding 
the  charge.  In  investigating  a  coal-mine  explosion,  it  is  often 
desirable  to  ascertain  whether  a  blown-out  shot  occurred,  and,  if 
so,  what  was  the  nature  of  the  explosive  used.  It  was  determined 
by  experiment  that  if  the  loose  material  within  or  aliout  the  collar 
of  the  hole  is  removed,  the  hole  sampled,  and  scraped  throughout 
its  entire  length,  this  material  combined  into  a  sample  totaling 
at  least  half  a  pound,  and  the  sample  analyzed  ([ualitatively  and 
quantitatively,  lx)th  the  fact  of  an  explosive  having  been  lired  in 
the  hole,  and  also  the  general  character  of  the  explosive  could  1)e 
determined  by  comparing  the  results  of  the  analysis  with  the 
analysis  of  coal  taken  from  the  same  scatn  at  a  point  as  close  as 
practicable   to   the  hole.      Tt    is   not.   of   course,   possible   to   (lis- 
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tingiiish  between  explosives  of  similar  composition,  but  as  only 
a  few  kinds  of  explosives  are  usually  used  in  an  individual  mine, 
it  is  usually  practicable  to  disting-uish  between  them.  The  method 
is  not  an  exact  one,  but  affords  welcome  aid  in  determining  the 
causes  of  a  mine  explosion.  Details  of  the  method  used  are  given 
in  Technical  Paper  210.  U.  S.  Bureau  of  Mines. 

MINOR  NOTES. 

The  Bureau  of  Mines  is  cooperating  with  Denver  University 
in  research  on  radium  emanation  and  to  date  about  30  of  the 
principal  spectral  lines  of  radium  emanation  have  been  established 
with  certainty.  About  20  of  these  lines  coincide  with  the  princi- 
pal lines  observed  by  other  authorities,  and  the  remainder  seem  to 
be  new.  Further  work  will  be  done  to  ascertain  whether  the  large 
number  of  lines  found  by  Rutherford  all  belong  to  the  radium 
emanation  spectrum. 

At  the  Denver  station  of  the  Bureau  two  successful  methods 
have  been  developed  for  the  determination  of  copper  in  the  pres- 
ence of  molybdenum.  Three  methods  for  the  determination  of 
molybdic  acid  in  the  presence  of  molybdenite  were  tried  with 
successful  results. 

Studies  at  the  Pittsburgh  station  upon  the  eflfect  of  solutions 
containing  chromates  upon  the  corrosion  of  steel,  copper,  and 
cupro-nickel  indicate  that  it  is  possible  to  make  steel  passive 
without  preventing  the  corrosion  of  copper  and  cupro-nickel  in 
ammonia  solutions. 


California  220,000-volt,  1 100-mile,  1,500,000-kw.  Transmission 
Bus.  R.  W.  SoREXSOx.  (Proc.  Am.  Inst.  Elec.  Engs.,  September, 
1919.) — In  California  small  developments  now  produce  a  total  of 
325,000  kw.  Four  large  projects  can  be  developed  to  give  1,500,000 
kw.  within  a  few  years. 

For  five  years  transmission  has  been  successful  in  the  .southern 
part  of  the  state  at  150,000  volts.  To  distribute  the  output  of  the 
four  plants  the  author  suggests  a  two-circuit  transmission  system 
from  Pit  River  in  the  north  to  Los  Angeles  with  branch  lines,  60 
cycles,  220,000  volts.  Thus  all  the  power  stations  of  the  state  would 
be  linked  together. 

G.  F.  S. 
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Mechanical  Lifting  Devices.  Dana  Wei'.ster.  (Xationa! 
Safety  Council,  1919.) — Lifting  devices  were  imdoubtedly  used  by 
Julius  Caesar,  as  far  back  as  265  r.c,  as  history  mentions  their 
lifting  animals  from  the  dens  in  the  arena  in  the  Coliseum  of 
Rome.  About  the  middle  of  the  nineteenth  century  platforms  or 
cable-hoisted  elevators  were  first  installed  in  New  York  and 
Boston,  but  were  not  provided  with  any  kind  of  safety  devices, 
and  strange  to  say,  you  can  find  a  few  elevators  without  safety 
devices  at  the  present  time. 

A  few  years  later  elevators  were  equipped  with  safety  devices 
of  such  type  that  it  was  necessary  for  the  hoist  cable  to  break 
before  the  safety  could  actuate.  There  are  a  great  many  of  this 
type  of  safety  in  use  to-day,  but  with  the  introduction  of  high- 
speed elevators  which  are  required  to  meet  the  demands  of  the 
public,  quite  naturally  it  necessitated  much  better  type  of  safety 
ajjparatus  and  a  multiplicity  of  cables. 

Accidents  could  and  did  occur  from  over-speeding  elevators 
caused  by  disarrangements  of  the  controlling  apparatus,  and  it 
became  necessary  to  provide  safety  devices  that  would  actuate 
should  the  elevator  s]:)eed  increase  beyond  a  ])redeterniined  num- 
ber of  feet  per  minute. 

The  most  essential  elements  of  safety  are  the  prevention  of 
excessive  speed  from  any  cause,  the  over-running  of  the  limits  of 
travel  at  top  and  bottom,  safe  protection  at  the  landing  entrances 
to  the  elevator,  and  a  regular  examination  of  the  cables  and  all 
parts  of  the  elevator  equipments.  A.  R. 

Aerial  Fire  Patrol.  {Weekly  Nezvs  Letter,  U.  S.  Department  of 
Agriculture,  vol.  vii.  No.  6,  p.  8,  September  10,  1919. ) — The  air- 
])lane  forest  fire  patrol  conducted  in  the  National  Forests  in  Cali- 
fornia by  the  Army  Air  Service  in  cooperation  with  the  Forest 
Service  of  the  United  States  Department  of  Agriculture  has  been 
extended  to  cover  a  portion  of  the  forests  in  Oregon.  Head- 
quarters have  been  established  at  Salem,  Ore.,  and  the  operating 
s(|uadron  for  the  i)resent  will  consist  of  five  officers  and  seven 
enlisted  men  operating  eight  airplanes.  The  city  of  Portland  has 
donated  a  landing  field  and  will  construct  a  hangar.  I'atrol  routes 
in  the  Oregon  and  Santiam  Forests  are  now  being  worked  out. 

One  of  the  Army  aviators  in  the  fire-patrol  work  recently 
made  a  successful  flight  to  the  floor  of  the  Yoscmite  Valley.  To 
make  a  landing  the  aviator  had  to  gain  an  altitude  of  11,000  feet 
and  spiral  down  between  the  walls  of  the  canyon,  which  are  5000 
feet  high  and  a  (puirter  of  a  mile  a])art.  The  landing  was  difficult 
because  of  high  trees  and  wires.  This  exploit  was  of  much  inter- 
est to  forest  officers,  as  it  is  thought  to  have  been  a  step  toward 
the  more  extended  use  of  airplanes  in  the  forests,  w  heir  landing 
])laces  in  the  mountains  are  comparativelv  few. 

A.  R. 
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{Proceedings  of  the  Stated  Meeting  Held  Wednesday.  November  19.  lorg.) 

Hall  of  The  Franklin  Instituii"., 
Philadelphia,  November  19,  1919. 

President  Dr.  Walton  Clark  in  the  Chair. 

Additions  to  the  membership  since  last  report,  9. 

The  following  gentlemen  nominated  by  the  Board  of  Managers  for  Corre- 
sponding Membership  were  unanimously  elected : 

Dr.  A.  S.  Eve,  Professor  of  Physics,  McGill  University,  Montreal;  Dr. 
John  S.  Townsend,  Professor  of  Physics,  Oxford  University;  Professor 
Charles  Fabry,  Professor  of  Physics,  University  of  Marseilles. 

Reports  of  progress  were  presented  by  the  Committee  on  Library,  and 
the  Committee  on  Science  and  the  Arts. 

The  Chairm.an  then  announced  that  the  next  business  of  the  Meeting 
would  be  the  presentation  of  the  medals  and  certificates  to  the  gentlemen 
whose  inventions  had  been  examined,  by  the  Committee  on  Science  and  the 
Arts,  and  found  worthy  of  recognition  by  the  Institute. 

Mr.  Benjamin  Franklin,  Chairman  of  the  Committee  on  Science  and  the 
Arts,  then  introduced  Mr.  Harvey  D.  Williams  and  Mr.  Reynold  Janney,  who 
had  been  recommended  jointly  for  the  award  of  the  Potts  Medal,  for  their 
inventions  embodied  in  what  is  known  as  the  "  Waterbury  Hydraulic  Speed 
Gear."  The  President  then  presented  the  medals  and  certificates  to  Messrs. 
Williams  and  Janney. 

Mr.  Clarence  P.  Landreth,  of  Philadelphia,  whose  "  Electrolytic  Sewage 
Process "  had  also  been  recommended  for  the  award  of  the  Potts  Medal, 
was  next  introduced,  and  the  medal  and  accompanying  certificate  were  pre- 
sented to  him  by  the  President. 

Mr.  Franklin  was  again  recognized,  and  described  the  invention  in  the 
art  of  radiography,  made  by  Mr.  H.  Clyde  Snook,  of  New  York  City.  Mr. 
Snook  was  recommended  for  the  award  of  the  Edward  Longstreth  Medal 
of  Merit,  and  this  with  the  accompanying  certificate  was  presented  to  him 
by  the  President. 

Rear  Admiral  J.  A.  Hoogewerff,  U.  S.  N.,  Superintendent  of  the  U.  S. 
Naval  Observatory.  Washington,  D.  C,  then  presented  the  paper  of  the 
evening,  entitled  "  The  Relation  of  the  U.  S.  Naval  Observatory  to  the  Navy 
and  Shipping  Interests  of  the  Country."  The  speaker  referred  to  the  depend- 
ence of  the  sailor  on  the  practical  applications  of  astronomy,  and  gave  an 
account  of  the  work  of  the  U.  S.  Naval  Observatory.  After  reviewing, 
briefly,  the  history  of  the  Observatory,  he  described  its  various  activities,  in- 
cluding its  time  service,  the  publication  of  the  .'\merican  Ephemeris  and  Nau- 
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tical  Almanac,  its  work  in  connection  with  navigational  instruments,  and  its 
library.  The  war-time  activities  of  the  Naval  Observatory  were  also  reviewed. 
The  subject  was  illustrated  by  lantern  slides.  After  a  brief  discussion,  the 
thanks  of  the  Meeting  were  extended  to  the  speaker. 

Adjourned.  R.    B.    Owens, 

Sccrt'tarx. 


COMMITTEE  ON  SCIENCE  AND  THE  ARTS. 

(Abstract   of  Proceedings  of   the   Stated   Meeting   held    PVedncsday, 
Novcjnbcr  3,  1919.) 

Hall  of  The  Franklin  Institute, 
Philadelphi.\,  November  5,  1919. 

Mr.  Benjamin  Franklin  in  the  Chair. 
The  following  report  was  presented  for  first  reading : 

No.  2713  :    Kemp  Gas  System. 
A  report  was  presented  by  the  Special  Committee  on  the  Louis  Edward 
Levy  Memorial. 

R.  B.  Owens, 
Secretary. 

SECTIONS. 

Section  of  Physics  and  Chemistry. — A  meeting  of  the  Section  was  held  in 
the  Hall  of  the  Institute  on  Thursday  evening,  October  23,  1919,  at  8  o'clock, 
with  Dr.  George  S.  Crampton  in  the  Chair.  The  minutes  of  the  previous 
meeting  were  approved  as  published. 

Augustus  Trowbridge,  Ph.D.,  D.S.M.,  D.S.O.,  Chev.L.H.,  Professor  of 
Physics  in  Princeton  University,  and  late  Lieutenant  Colonel  of  Engi- 
neers, attached  to  the  General  Staff  and  in  technical  cliarge  of  Sound  and  Flash 
Ranging  in  the  American  Expeditionary  Force,  delivered  an  illustrated 
lecture  on  "  Flash  and  Sound  Ranging  Apparatus  for  the  Location  of 
Guns."  The  development  of  modern  methods  for  locating  the  position  of 
enemy  artillery,  and  directing  the  fire  of  friendly  artillery  was  traced.  A 
description  was  given  of  the  principles  of  both  flash  and  sound  ranging, 
the  methods  and  apparatus  used  by  the  ranging  troops  of  the  American 
Expeditionary  Force  in  France,  and  the  quality  and  quantity  of  the  infor- 
iTiation  thus  obtained.  The  paper  was  discussed;  a  vote  of  thanks  was 
extended  to  Doctor  Trowbridge,  and  the  meeting  adjourned. 

JOSKIMI     S.     IIkI'HUKN, 

Secretary. 

LUectrical  Section. — A  joint  meeting  of  the  Section  and  the  Philadel- 
phia .Section  American  Institute  of  iClectrical  lingineers  was  iield  in  the 
Hall  of  tlu-  Institute  on  Thursday  evening,  October  .^o,  igiu.  Mr.  W.  C.  L. 
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Eglin  and  Prof.  C.  E.  Clewell  presiding  jointly.  The  paper  of  the  evening 
on  "  Wireless  Telephony  "  was  presented  by  Mr.  N.  H.  Slaughter,  of  the 
Engineering  Department,  Western  Electric  Company,  New  York  City, 
and  formerly  Lieutenant  Colonel  Signal  Corps,  U.  S.  A.  The  speaker  re- 
viewed briefly  the  pre-war  development  of  radio  telephony,  and  gave  a 
summary  of  its  war-time  development  and  application.  The  Airplane 
Radio  Telegraph  Set  used  by  the  Army  was  described  in  detail  and  was 
illustrated  by  lantern  slides  and  specimens  of  apparatus.  An  outline  of 
the  future  uses  and  possibilities  of  Radio  Telephony  in  military  and  com- 
mercial fields  was  also  given,  as  well  as  its  applications  in  aviation.  After 
a  brief  discussion  the  thanks  of  the  meeting  were  conveyed  to  the  speaker. 

R.  B.  Owens, 
Secretary. 

Section  of  Physics  and  Chemistry. — A  joint  meeting  of  the  Section  with 
the  Philadelphia  Section  of  the  American  Chemical  Society  was  held  in 
the  Hall  of  the  Institute  on  Thursday  evening,  November  6,  1919,  at 
8  o'clock.  Dr.  Harrj^  F.  Keller,  on  behalf  of  the  Section,  and  Mr.  Samuel 
S.  Sadtler,  on  behalf  of  the  American  Chemical  Society,  presided  jointly. 
The  minutes  of  the  previous  meeting  were  read  and  approved. 

Bernhard  C.  Hesse.  Ph.D.,  of  New  York  City,  presented  a  communi- 
cation on  "  American  Dye  Industries — Present  and  Future."  The  world 
position  of  this  industry  in  1913  and  at  the  present  time  were  contrasted. 
The  competitive  conditions  of  the  present  and  those  to  be  expected  in 
the  near  future  were  summarized.  An  outline  was  given  of  the  protective 
legislation  required  to  insure  in  this  country  a  self-contained  and  self- 
sustaining  coal-tar  chemical  industry  in  all  its  more  important  ramifications. 

The  paper  was  discussed.  On  motion  of  Dr.  Walton  Clark,  a  vote  of 
thanks  was  extended  to  Doctor  Hesse.    The  meeting  then  adjourned. 

Joseph  S.  Hepburn, 

Secretary. 

MEMBERSHIP  NOTES. 

ELECTIONS  TO  MEMBERSHIP. 

(Stated  Meeting,  Board  of  Managers,  November  12,  1919.) 

RESIDENT. 

Mr.    George    W.    Birch,    Chemist,    1414    Columbia    Avenue,    Philadelphia, 

Pennsylvania. 
Mr.  Frank  H.  Griffin,  Chief  Chemist,  The  Viscose  Company,  Marcus  Hook, 

Pennsylvania. 
Mr.   Edward  F.  Henson,  Lumber  Merchant,  921    North   Delaware  Avenue, 

Philadelphia,  Pennsylvania. 
Mr.  Hosfori)  D.  Kellogg,  Manager,  The  H.  B.  Smith  Company,  17th  and  Arch 

Streets,  Philadelphia,  Pennsylvania. 
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Mr.  Frank  G.  Kennedy,  Jr.,  President,  Logan  Iron  and  Steel  Company,  1218 

Stephen  Girard  Building,  Philadelphia,  Pennsylvania. 
Mr.  W.  Leigh  Smith,  Chemist,  The  Viscose  Company,  and  for  mail.  Box  171, 

Marcus  Hook,  Pennsylvania. 

non-resident. 
Dr.  Robert  R.  T.xtnall,  Research  Engineer,  J.  E.  Rhoads  &  Sons,  Wilming- 
ton. Delaware. 

ASSOCIATE 

Mr.  Judson  T.  Ballard,  Chemist,  6416  North  iitli  Street,  Oak  Lane,  Phila- 
delphia, Pennsylvania. 
Mr.  Kenneth  Braddock-Rogers,  Haverford  College,  Haverford,  Pennsylvania. 

CHANGES  OF  ADDRESS. 

Mr.   Henry   B.   Allen,  81 12   St.   Martins   Lane,   Chestnut   Hill,    Philadelphia, 

Pennsylvania. 
AIr.  J.  Edward  Barn  hart,  407  Waldo  .Avenue,  Pasadena,  California. 
^  Mr.  M.  C.  Burt,  in  care  of  Aetna  E.xplosives  Company,  165  Broadway,  New 

York  City,  New  York. 
Mr.  Clarence  R.  Claghorn,  in  care   of  Vinton  Colliery   Company,   50  East 

42nd  Street,  New  York  City,  New  York. 
Lieut.-Col.  Edward  B.  Clark,  61  Cedar  Street,  Chicago,  Illinois. 
AIr.  H.  V.  CoEs,  in  care  of  Ford,  Bacon  &  Davis,   115  Broadway,  New  York 

City,  New  York. 
Dr.  Thomas  D.  Cope,  Randal  Morgan  Laboratory  of  Physics,  University  of 

Pennsylvania,  Philadelphia,  Pennsylvania. 
Mr.  Elliott  Curtiss,  429  North  13th  Street,  Philadelphia,  Pennsylvania. 
Mr.  S.  B.  Eckert,  Finance  Building,   1428  South  Penn  Sciuare,   Philadelphia, 

Pennsylvania. 
Mr.  E.  W.  Finkbiner,  207  Market  Street,  Newark,  New  Jersey 
Mr.  W.  E.  Fletcher,  in  care  of  Atlas  Powder  Company,   140  North  Broad 

Street,   Philadelphia,   Pennsylvania. 
Mr.  Frank  B.  Gilhreth,  68  Eagle  Rock  Way,  Montclair,  New  Jersey. 
Mr.   Martin   L.   Griffin,  Mount   Hope   iMuisIiinj.;  Comi)any,    Xortli   Di.tihton. 

Massachusetts. 
Mr.  Taber  Hamilton,  1335  West  Main  Street,  Louisville,  Kentucky. 
Mr.  George  R.  Henderson,  The  .Mdine  Hotel,  1920  Chestnut  Street,   Phila- 
delphia, Pennsylvania. 
Mr.  Robert  E.  Horton,  R.  F.  D.  No.  i,  Voorhecsville,  New  York. 
Miss  Emily  E.  Howson,  306  Woodlawn  Road,  Roland  Park,  Maryland. 
CoL.    P.  Ji  NKKRSFELD,    Stouc  &    Wchstcr    Engineering  Corporation,    147    Milk 

Street,  Boston,  Massachusetts. 
Mr.  J.   Benton    Porter,  General   Electric   Company,    iMiuitabie    Building,    120 

Broadway,  New  York  City,  New  York. 
Mk.  Janvier  Resines,  Raccp.ict  Club.  Philadeli)hia,  PciuLsylvania. 
Mr.  Charles  E.  Killiet,  in  care  of  Washburn  Continuation  School,  655  West 

14th  Street,  Chicago,  Illinois. 
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Mr.  Edmlnd  G.  Robixson,  909  Xottingham  Road,  Wilmington,  Delaware. 

Mk.  J.  B.  RuwBOVGH,  P.  O.  Box  No.  2,  Asheville,  North  Carolina. 

Mr.  Frederick  \V.  S.\lmon.  1129  North  28th  Street,  Birmingham,  Alabama. 

Mr.  .-K.  B.  Stitzer,  in  care  of  Republic  Engineers,  Inc.,  60  Broadway,  New 
York  City.  New  York. 

Mr.  John  Stone  Stone,  New  Palace  Hotel,  San  Diego,  California. 

Dr.  P.\ul  Str.\uss,  1030  Beverly  Road,  Brooklyn,  New  York. 

Mr.  F.  M.  T.AiT.  80  Broadway,  New  York  City,  New  York. 

Mr.  P.wl  Thompson,  N.  W.  Cor.  Broad  and  Arch  Streets,  Philadelphia, 
Pennsylvania. 

Mr.  B.  C.  Tilghm.-\n,  Highfield,  Dunham  Road,  Altrincham,  Cheshire,  England. 

Mr.  C.  C.  TuTWiLER,  West  Conshohocken,  Pennsylvania. 

Mr.  Carl  D.  Ui.mer,  1807  Fourth  Street,  S.  E.,  Minneapolis,  Minnesota. 

Mr.  J.  Vai.asek,  1117  Seventh  Street,  S.  E.,  Minneapolis,  Minnesota. 

Mr.  F.  R.  Wadleigh,  in  care  of  Weston,  Dodson  &  Company,  Inc.,  17  Battery 
Place,  New  York  City,  New  York. 

Mr.  Percy  Wedlake,  125  Atlantic  Street,  S.  E.,  Washington,  D.  C. 

Mr.  H.  a.  Wilson,  Coronado  Apartments,  22nd  and  Chestnut  Streets,  Phila- 
delphia, Pennsylvania. 

Mr.  H.  D.  Wilson,  Coronado  Apartments,  22nd  and  Chestnut  Streets,  Phila- 
delphia, Pennsylvania. 

Mr.  Rov  V.  Wright,  398  North  Walnut  Street,  East  Orange,  New  Jersey. 
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PURCHASES. 

Business  Digest,  July-December,  1918.     Vol.  vi. 

Card,  S.  F. — Air  Navigation,  Notes  and  Examples.     1919. 

Collins,  S.  H. — Plant  Products,  and  Chemical  Fertilizers.     1919. 

Humphreys,  A.  C. — Lecture  Notes  on  Some  of  the  Business  Features  of 
Engineering  Practice.     1916. 

International  Catalogue  of  Scientific  Literature,  vol.  xiv.  F — Meteorology, 
J — Geography.     1919. 

Johnson,  J.  B. — Materials  of  Construction  ;  Rewritten  by  M.  O.  Withey,  and 
James  Aston.     1918. 

LiNDCREN,  Waldemar. — Mineral  Deposits.     1919. 

Reader's  Guide  to  Periodical  Literature,  vol.  iv.     1915-1918. 

Rideal,  E.  K. — Industrial  Electrometallurgy.     1919. 

Schoeller,  W.  R.,  and  Powell,  A.  R. — Analysis  of  Minerals  and  Ores  of  the 
Rarer  Elements.     1919. 

Seidel,  Atherton. — Solubilities  of  Inorganic  and  Organic  Compounds.     1919. 

Sibley,  R.,  and  Delany,  C.  H. — Elements  of  Fuel  Oil  and  Steam  Engineer- 
ing.      1918. 

Steinheil,  Adolph,  and  Voit,  E. — Applied  Optics,  vol.  ii.     1919. 
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GIFTS. 

Adams-Bagnall  Electric  Company,  Catalogue  of  Abolites.     Cleveland,  Ohio, 

1919.     (From  the  Company.) 
Allen   Cone   Company,   Bulletin   No.   5.     El   Paso,   Texas,    1919.     (From   the 

Company.) 
American  Blower  Company,  Bulletin  No.   19.     Detroit,  Mich.,   1919.     (From 

the  Company.) 
American  Society  for  Testing  Materials,  Membership  List.     Philadelphia,  Pa., 

1919.     (From  the  Society.) 
L'Annee  Scientifique  et  Industrielle,   1908.     Paris,   1909.     (From   Mr.   W.   G. 

Button.) 
Appleton  Electric  Company,  Catalogue  No.  8.     Chicago,  111,  1918.     (From  the 

Company.) 
Badger,  E.  B.,  and  Sons  Company,  Bulletin  No.   100.     Boston,  Alass.,    1919. 

(From  the  Company.) 
Bausch  and  Lomb  Optical  Company,  Catalogue  of  Optical  Glass.     Rochester. 

N.  Y.,  1919.     (From  the  Company.) 
Canada   Department  of   Mines   Summary   Report,    1918,   Parts    C,   D,   F,   G. 

Ottawa,  Canada,  1919.     (From  the  Department.) 
Channon  H.   Company,   Catalogue  No.  80.     Chicago,   111.,    1916.     (From   the 

Company.) 
Chemie  der   menschlichen   Nahrungs-und   Genussmittel.     By  Dr.  J.   Koenig, 

two  vols.     Berlin,  Germany,   1879-1880.     (From  Mr.  Reuben  Haines.) 
Clayton    and    Lambert    Manufacturing    Company,    Bulletin    No.    4.     Detroit, 

Mich,  no  date.     (From  the  Company.) 
Clow,  James   B.,  and   Sons,   Booklet  of   Water   Sterilization.     Chicago,    111., 

1919.     (From  the  Company.) 
Colonial    Steel    Company,    Colonial    Steel    Treating    Book.     Pittsburgh,    Pa., 

1919.     (From  the  Company.) 
Colorado  Bureau  of  Mines,  Bulletin  No.  8.     Denver,  Col.,  1919.     (From  the 

Bureau.) 
Columbia   University,   Publication   No.   8.     New   York,    N.   Y.,    1919.     (From 

the  University.) 
Condit  Electrical  Manufacturing  Company,  Catalogue  No.  125.     Boston,  Mass., 

no  date.     (From  the  Company.) 
Davis-Boutnonville  Company,  Catalogue  of  the  Pyrograph.     Jersey  City,  N.  J., 

1919.     (From  the  Company.) 
Economy  Electric  Devices  Company,  Bulletins  Nos.  50  and  60.     Chicago,  111., 

no  date.     (From  the  Company.) 
General    Chemical   Company,   Bulletin    No.   3.     New    York.    N.    Y.,   no   date. 

(From  the  Company.) 
George  Washington  University,  Catalogue   No.  2.     Washington.  1).  C,   1919. 

(From  the  University.) 
GilfiUan    Brothers    Smelting   and   Refining   Company,    Catalogue    of    Giltillan 

Products.     Los  -Angeles,   Calif.,    1919-     (From   the  Company.) 
Hamilton   Association,   Journal    and   Proceedings.      Hamilton,    Canada.    1919. 

(From  the   Association.) 
Hcndrie    and    Rolthoff    Manufacturing   and    Supply    Co.,    Catalogue    No.    50. 

Denver,  Col.,   1919.     (I'rom  the  Company.) 
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Hornung,  J.  C.  Bulletin  Xo.  14.     Chicago,  111.,  1919.     (.From  J.  C,  Hornung.) 
How  the  Nitrogen  Problem  Has  Been  Solved.     By  Henry  Jermain  Maude 

Creighton.     Philadelphia,  Pa.,   1919.     (From  the  Author.) 
Instituo  y  Ubservatorio  de  Marina,  Anales  191O-1917.     San  Fernando,   1917- 

1918.  (.From  the  Institute.) 

Kansas   Board  of  Agriculture,  Report  for  the  Quarter  ending  March,   1919. 

Topeka,  Kan.,  1919.     (.From  the  Board.) 
Lehrbuch  der  Organischen   Chemie.     By  Dr.   E.   F.  v.  Gorup-Besanez,   three 

vols.    Braunschweig,  1873-1874.     (From  Mr.  Reuben  Haines.) 
l.ocKe  Insulator  Manuiacturing  Company,  The  Insulator  Book.     Victor,  N.  Y., 

1919.  (From  the  Company.) 

Los    Angeles    Pressed    Brick    Company,    Catalogue    of    Roofing    Tiles.     Los 

Angeles,  Calif.,  1919.     (From  the  Company.) 
AIcCool    Company,    Bulletin    No.    49.     Cleveland,    Ohio,    1919.     (From    the 

Company.) 
McDonald,  A.  Y.,  Alanufacturing  Company,  Catalogue  No.  5.     Dubuque,  Iowa, 

no  date.     (From  the  Company.) 
Manufacturers'   Aircraft  Association,  Year-Book,   1919.     New  York,  N.   Y., 

1919.     (From  the  Association.) 
Massachusetts    Board    of    Gas    and    Electric    Light    Commissioners,    Thirty- 
fourth  Annual  Report,  1918.     Boston,  1919.     (From  the  Board.) 
Massachusetts    Oilless    Bearings    Company,    Catalogue    of    Oilless    Bearings. 

Worcester,  Mass.,  no  date.     (From  the  Company.) 
Merchants  Association  of  New  York,  Year-Book,   1919.     New  York,  N.  Y., 

1919.     (From  the  Association.) 
Michigan  College  of  Mines,  Year-Book,   1918-1919.     Houghton,  Mich.,  1919. 

(From  the  College.) 
Millers   Falls   Company,   Hack   Saw   Efficiency.     Millers   Falls,   Mass.,    1919. 

(From  the  Company.) 
Monighan  Machine  Company,  Catalogue  No.  19.     Chicago,  111.,  1919.     (From 

the  Company.) 
Nelson  Valve  Company,  Catalogue  No.  10.     Philadelphia,  Pa.,  1919.     (From 

the  Company.) 
New   York  City  Board  of  Water   Supply,  Thirteenth  Annual  Report,    1919. 

New  York,  1919.     (From  the  Board.) 
North  Western   Expanded   Metal  Company,   Handbook  of  Fire-proof   Con- 
struction.    Chicago,   111.,   no   date.     (From   the   Company.) 
Ohio  Blower  Company,  Catalogue  No.  22.     Cleveland,  Ohio,  1919.     (From  the 

Company.) 
Ohio  Brass  Company,  Catalogue  No.  17.     Mansfield,  Ohio,  1919.     (From  the 

Company.) 
Ohio  University.   Catalogue  1918-1919.     Columbus,    Ohio,    1919.     (From  the 

University.) 
O   K   Clutch  and  Machinery  Company,  Catalogue  No.  19.     Columbia,  Pa.,  no 

date.     (From  the  Company.) 
Ontario  Hydro-electric  Power  Commission,  Eleventh  Annual  Report,   1918. 

Toronto,  1919.     (From  the  Commission.) 
Owen  Bucket  Company.  Catalogue  of  Owen  Buckets.     Cleveland,  Ohio,  1919. 

fprom  the  Company.) 
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Smithsonian    Institution,    Publication    No.    2493.     Washington,    D.    C,    1918. 

(From  the  Institution.) 
South  Dakota  Board  of  Railroad  Commissioners,  Twenty-ninth  Annual  Re- 
port for  1918.     Pierre,  South  Dakota,  1919.     (From  the  Board.) 
Southern  Railway  Company,  Twenty-fifth  Annual  Report,    1918.     Richmond, 

Va.,  1919.     (From  the  Company.) 
St  Louis  Water   Commissioner,  Annual    Report   for   Year  ending   April    i, 

1919.     St.  Louis,  Mo.,   1919.     (From  the  Commissioner.) 
Stimpson  Equipment  Company,  Catalogue  of  the  Mitchell  Electric  Vibrating 

Machine.     Salt  Lake  City,  Utah,  no  date.     (From  the  Company.) 
Stow  Manufacturing  Company,  Inc.,  Bulletin  No.   103.     Binghamton,  N.  Y., 

1919.     (From  the  Company.) 
Strong,  Carlisle  and  Hammond  Company,  Catalogue  of  Strong  Steam  Special- 
ties.   Cleveland,  Ohio,  no  date.     (From  the  Company.) 
Sturtevant,   B.   F.,   Company,   Catalogue   No.  255.     Hyde   Park,    Mass.,    1919. 

(From  the  Company.) 
Superheater   and   Engineering   Company,   Catalogue   of    Dravo    Superheaters. 

New  York  City,  N.  Y.,  1919.     (From  the  Company.) 
Tasmania  Geological    Survey,   Bulletin   No.   29.     Hobart,    1919.      (From   the 

Survey.) 
Thacher  Propeller  and  Foundry  Corporation,  Catalogue  M.     .\lbany,   N.  Y., 

1919.     (From  the  Company.) 
University    of    Missouri,    Bulletin    No.    3.     Rolla,    Mo.,    1918.       (From    the 

University.) 
Watuppa  Water  Board,  Forty-fifth  .A.nnual  Report.     Fall   River,  Mass.,  1919. 

(From  the  Board.) 
Wellman-Seaver-Morgan  Company,  Bulletin  No.  34.     Cleveland,  Ohio,  1919. 

(From  the  Company.) 
Weston  Electrical  Instrument  Company,  Bulletin  20-A.     Newark,  N.  J.,   1919. 

(From  the  Company.) 
Wetzel  Mechanical  Stoker  Company,  Catalogue  No.  9.     Trenton,  N.  J..  1919. 

(From  the  Company.) 


PUBLICATIONS  RECEIVED. 

The  Analysis  of  Minerals  and  Ores  of  the  Rarer  Elements  for  Analytical 
Chemists,  Metallurgists  and  Advanced  Students:  By  W.  R.  Schoeller,  Ph.  D., 
and  A.  R.  Powell.  239  pages,  8vo.  London,  Chas.  Griffin  &  Co. ;  Philadelphia, 
J.  B.  Lippincott  Company,  1919,  price  $5. 

U.  S.  Bureau  of  Mines:  Monthly  Statement  of  Coal-Mine  Fatalities  in  the 
United  States,  August,  1919,  compiled  by  Albert  H.  Fay.  20  pages,  8vo. 
Technical  Paper  210.  An  Analytical  Method  for  Detecting  Blown-out  Shots  in 
Coal  Mines,  by  G.  F.  Hutchison  and  Jacob  Barab.  22  pages,  8vo.  Technical 
Paper  231.  Production  of  Explosives  in  the  United  States  During  the  Cal- 
endar Year  1918,  compiled  by  Albert  H.  Fay.  21  pages,  8vo.  Technical 
Paper  234.  Sensitiveness  of  PZxplosives  to  Frictional  Impact,  by  S.  P.  Howell. 
17  pages,  8vo.     Technical   Paper  236.     Abatement  of   Corrosion   in   Central 
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Heating  Systems,  by  F.  X.  Speller.  12  pages,  8vo.  Technical  Paper  237.  Safe 
Practice  in  Using  Wire  R^pes  in  Mines,  by  R.  H.  Kudlich  and  O.  P.  Hood. 
II  pages,  8vo.  Technical  Paper  242.  Why  and  How  Coke  Should  be  Used 
for  Domestic  Heating,  by  Henry  Kreisinger  and  A.  C.  Freedner.  20  pages, 
8vo.     Washington.  Government  Printing  Office,  1919. 

Library  A'cxcs:  Semi-Monthly  Bulletin  of  the  Engineer  School  Library 
issued  at  Camp  A.  A.  Humphreys,  Va.  Vol  H,  Nos.  11-14,  June  and 
July,  191 9.    8vo. 


Melting  Point  of  Refractory  Materials.  Leo  I.  Dana.  (Bull. 
Am.  Inst.  Mining  and  Metallurgical  Engineers,  September,  1919.)  — 
As  refractory  substances  are  usually  not  pure  crystalline  mate- 
rials, their  change  from  the  solid  to  the  liquid  state  is  not  sharply 
marked  as  in  the  case  of  ice,  but  is  a  gradual  process,  and  extends 
through  a  range  of  temperature.  Sintering  or  vitrification  is  the 
first  stage  on  the  road  to  liquefaction.  Circumstances  which 
affect  the  apparent  melting  point  are : 

(a)  Time  during  which  the  refractory  is  kept  at  a  tempera- 
ture producing  vitrifaction.  The  longer  the  time  the  more  com- 
plete is  the  sintering  and  other  physical  and  chemical  results. 
Lengthening  the  time  increases  fusibility. 

{h)  Rate  of  heating.  In  general  the  more  rapidly  the  tem- 
perature rises  the  higher  the  melting  point  seems  to  be. 

(c)  Nature  of  surrounding  atmosphere.  This  may  enter  into 
chemical  combination  with  the  refractory  substance  or  may 
influence  volatilization. 

{d)  Substances  in  contact  with  the  refractory,  such  as  slags, 
fluxes  and  flue  dust. 

{e)  The  load  applied. 

The  influence  of  these  last  factors  is  so  complex  that  at  pres- 
ent it  is  impossible  in  general  to  predict  what  efifect  will  be  pro- 
duced on  the  melting  point  by  varying  them. 

G.  F.  S. 

Spraying  Metals.  {Electrician,  vol.  Ixxxiii,  September  19, 
1919,  p.  302.) — Schoop's  process  of  spraying  metals  is  being  fur- 
ther developed.  Two  wires  of  the  metal  are  connected  to  the 
terminals  of  the  electric  circuit,  then  touched  and  separated  to 
form  an  arc.  This  fuses  part  of  the  wires  which  are  fed  forward 
continuously.  An  air  blast  projects  the  molten  metal  in  finely 
divided  form  upon  any  desired  object.  Glass,  celluloid,  paper, 
etc.,  are  thus  given  a  metallic  coating.  Glass  plates  so  prepared 
are  used  for  electrical  condensers.  The  process  is  employed  also 
to  secure  good  metallic  contact,  and  to  facilitate  soldering.  Elec- 
tric heaters  are  made  by  spraying  metal  on  refractory  substances. 

G.  F.  S. 
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Optical  Glass  and  Chemical  Glassware.  {U.  S.  Tariff  Com- 
mission Information  Bulletin). — Of  the  many  industries  that  have 
been  developed  in  this  country  by  the  necessities  of  the  war,  few, 
if  any,  have  had  such  brilliant  success  as  the  manufacture  of 
glass  for  scientific  purposes.  The  lack  of  supply  for  these  pur- 
poses began  to  be  felt  as  soon  as  the  British  blockade  became 
effective,  and  by  1917  the  attention  of  American  scientists  and 
officials  had  been  strongly  directed  to  the  problem  of  home  manu- 
facture. Optical  glass  has  for  many  years  been  imported,  prin- 
cipally from  Germany,  but  some  from  France  and  England.  It 
was  not  made  in  the  United  States.  Rough  or  unwrought  optical 
glass  has  been  for  years  on  the  free  list.  At  the  present  time 
through  the  large  experience  and  organization  developed  by  the 
necessities  of  the  case,  the  optical  glass  industry  in  the  United 
States  has  the  scientific  knowledge,  materials,  and  equipment  to 
compete  in  regard  to  equality  of  product  with  the  best  of  foreign 
manufacture.  Still  the  whole  demands  of  the  market  are  not 
met,  for  in  1918  we  were  obliged  to  import  about  one-half  the 
normal  amounts  of  unwrought  glass  and  in  addition  large  amounts 
in  the  form  of  optical  instruments.  Scientific  authority  informs 
us  that  four  kinds  of  optical  glass  are  the  most  needed :  A  very 
light  and  transparent  crown,  an  ordinary  crown  of  higher  index, 
a  typical  heavy  flint  and  a  typical  light  flint.  Next  to  these  most 
important  forms,  are  a  heavy  barium  crown  and  a  light  barium 
flint  especially  used  in  photographic  apparatus.  The  further  de- 
velopment of  these  industries  cannot  be  expected  if  such  prod- 
ucts are  kept  on  the  free  list  or  subjected  to  merely  nominal 
duties,  and  moreover,  the  present  condition  i)y  which  all  educa- 
tional institutions  are  permitted  to  import  even  com])lete  optical 
instruments  free  of  duty,  will  seriously  interfere.  Glass  makers 
are  asking  for  the  repeal  of  this  clause,  a  recpiest  which  has  met 
with  a  good  deal  of  approval  from  the  scientific  workers  of 
the  country. 

Chemical  glassware,  generally  known  in  the  trade  as  "  hollow 
ware  "  is  used  in  enormous  amounts  in  the  United  States,  and  has 
been  for  many  years  almost  entirely  supi)lied  by  Germany  and 
Austria,  the  several  brands  being  among  the  most  familiar  titles 
in  the  laboratory.  This  supply  also  being  shut  ofT,  the  attention 
of  American  glass-makers  was  directed  to  finding  substitutes, 
and  here,  as  in  the  case  of  the  optical  glass,  great  success  has 
been  achieved.  Indeed,  it  is  now  generally  admitted  that  much 
of  the  American  glass  is  better  than  any  (hat  has  heretofore  been 
836 
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obtainable  from  abroad.  Factory-blown  ware  of  this  high  quality- 
is  now  being  made  in  seven  American  factories  that  were  in 
active  operation  for  ordinary  glass-making  before  the  war.  These 
manufacturers  express  confidence  that  they  can  maintain  their 
industries  without  increase  of  the  present  duty  of  45  per  cent,  ad 
valorem,  but  ask  that  the  duty-free  clause  applicable  to  scientific 
institutions  which  are  very  large  users  of  these  forms  of  glass- 
ware owing  to  the  students  laboratories,  be  repealed  and  that  all 
chemical  glass-ware  be  made  dutiable  at  the  45  per  cent.  rate. 
Here  again,  the  expressions  of  chemists  and  officers  of  scientific 
institutions  are  largely  favorable  to  the  repeal.  Statistics  show 
that  before  the  war  the  duty  free  importations  amounted  to  about 
half  of  the  value  of  the  total  imports  based  on  the  invoices. 

The  Bureau  of  Standards  has  made  thorough  examinations  of 
the  American  ware  in  comparison  with  the  best  foreign  ware,  and 
reports  that  all  the  former  are  superior  to  the  Kavalier  ware  and 
equal  or  superior  to  the  Jena  ware  for  general  laboratory  use. 

H.  L. 

Utilization  of  Nitre-Cake.  Gilbert  T.  Morgan.  (Economic 
Procecdmgs,  Royal  Dublin  Society,  vol.  ii,  p.  238,  1919.) — Nitre- 
cake  is  the  residue  of  the  action  of  sulphuric  acid  upon  sodium 
nitrate,  and  consists  mainly  of  sodium  acid  sulphate.  During  the 
war  British  munition  industries  produced  enormous  quantities  of 
this  material,  one  factory  alone  having  an  output  of  over  200  tons 
per  week,  much  of  which  was  dumped  into  the  sea.  When  the  out- 
put was  much  smaller,  as  in  peace-times,  the  material  was  utilized 
for  the  manufacture  of  salt-cake  and  hydrochloric  acid,  the  former 
being  employed  in  the  Leblanc  process  for  sodium  carbonate.  Some 
of  the  nitre-cake  was  converted  into  sodium  sulphide,  which  is  now 
used  as  a  reducing  agent  in  organic  syntheses. 

Morgan  sought  for  some  methods  which  would  utilize  the  sul- 
phur as  well  as  the  sodium.  He  reviews  the  methods  already  known, 
and  then  describes  a  procedure  devised  by  himself  in  which  the  cake 
is  used  for  the  production  of  soda-lime  and  soda-lead  glasses  at  one 
operation  with  recovery  of  the  sulphur,  either  free  or  as  sulphuric 
acid.    It  will  suffice  to  describe  briefly  one  of  these  procedures. 

Seventy-two  grammes  of  nitre-cake,  100  grammes  of  sand,  20 
grammes  of  limestone,  and  4  grammes  of  wood  charcoal,  were 
heated  in  a  fire-clay  retort  connected  with  a  model  of  a  leaden 
chamber.  The  fixed  product  was  clear  green  glass,  the  volatile  prod- 
ucts were  sulphuric  acid,  sulphur  dioxide,  and  free  sulphur.  The 
heating  was  continued  for  twelve  hours,  but  the  bulk  of  the  volatile 
products  was  evolved  in  the  first  two  hours.  The  vollatile  products 
were  then  mixed  with  steam,  air,  and  nitrous  fumes  for  oxidation. 
The  analytical  figures  show  that  over  half  the  sulphur  can  be  re- 
covered either  as  sulphuric  acid  or  as  the  free  element. 

H.  L. 
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Water  Power  of  France.  (Bull.  Atii.  Inst.  Mining  and  Metal- 
lurgical Engineers,  September,  1919.) — In  the  Alpine  region 
drained  by  the  Rhone  and  its  tributaries  6,000,000  horsepower  can 
be  developed  at  average  water  flow^  Elsewhere  in  France  3,000,000 
horsepower  additional  may  be  obtained  from  streams.  These 
numbers  should  be  divided  by  two  to  get  the  output  for  low- 
water  flow.  At  the  close  of  191 5,  738,000  horsepower  was  obtain- 
able from  installations  in  the  Alps.  This  amount  has  been  much 
increased  since  that  time.  G.  F.  S. 

Depreciation  in  Small  Dry  Cells  with  Age.    A.  J.  Helfrecht. 

(American  Electrochemical  Society,  1919.) — The  author  endeavors 
to  show  how  closely  the  method  of  judging  cell  deterioration, 
called  "  flash  test,"  approaches  actual  measurements  of  capacity 
through  discharging  the  cells.  Comparative  curves  for  the  dif- 
ferent sizes  of  cells  tested  are  given.  From  the  data  gained  by 
this  investigation  a  table  has  been  compiled  indicating  reasonable 
depreciation  of  the  four  important  sizes  of  small  cells. 

The  Effect  of  Amalgamation  Upon  the  Single  Potential  of 
Aluminum.  Louis  Kahlenberg  and  John  A.  Montgomery. 
(American  Electrochemical  Society,  1919.) — Measuring  the  single 
potential  of  aluminum  in  a  one-third  molar  solution  of  aluminum 
chloride  at  room  temperature,  by  means  of  the  calomel  electrode, 
the  writers  obtained  much  higher  values  with  amalgamated  than 
with  unamalgamated  aluminum,  due  to  the  removal  of  the  coat 
of  resistant  oxide  by  the  mercury.  They  showed  also  that  the 
measurements  were  actually  the  single  potentials  of  the  alumi- 
num and  not  those  of  an  aluminum  amalgam. 

Invisible  Light  in  Warfare.  R.  W.  Wood.  (Proceedings  of 
the  Physical  Society  of  London,  vol.  xxxi,  p.  232,  1919.) — When  a 
source  of  light  is  put  at  the  principal  focus  of  a  converging  lens  the 
emergent  beam  consists  of  parallel  rays  and  consequently  does 
not  change  in  cross-section  as  it  proceeds.  Often  the  narrowness 
of  such  a  beam  prevents  its  being  observed.  Greater  accuracy  was 
obtained  by  using  a  filter  which  permitted  only  the  extreme  red 
rays  to  issue.  These  would  be  invisible  to  an  observer  unless  he 
protected  his  eyes  from  daylight  by  a  similar  screen.  Through 
such  a  screen  only  the  red  light  could  penetrate  and  the  eyes  of 
the  observer  would  be  in  a  sensitive  state  owing  to  the  exclusion 
of  ordinary  light.  By  such  an  arrangement  secret  signals  can  be 
transniilted.  A  variation  of  method  was  the  Use  of  a  screen  trans- 
mitting only  ultra-violet  light,  which  was  received  on  a  fluores- 
cent screen.  The  range  of  signalling  in  both  cases  was  aI)()Ut 
six  miles. 

The  following  arrangement  proved  of  great  value  in  maintain- 
ing communication  between  ships  of  the  same  Cdnxoy  at  night. 
In  this  case  the  light  was  sent  out  not  as  a  paralU'i  bi'ani,  but  as  a 
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beam  diverging  in  all  directions.  A  Cooper-Hewitt  mercury  arc 
was  the  light  source.  It  was  surrounded  by  a  glass  chimney 
through  which  only  ultra-violet  light  emerged.  This  caused  parts 
of  the  eye  and  natural  teeth  to  fluoresce,  while  false  teeth  were 
black.  The  receiving  apparatus  is  a  barium-platino-cyanide  screen 
placed  in  the  principal  focus  of  a  converging  lens.  The  range  was 
about  four  miles.  G.  F.  S. 

Location  of  Aeroplanes  by  Wireless  Telegraphy.  J.  Robin- 
son. (Nature,  September  11,  1919.) — Dead  reckoning  methods 
are  of  little  use  for  such  a  purpose  owing  to  the  pilot's  ignorance 
of  the  velocity  of  the  air  with  respect  to  the  earth.  A  loop  of  wire 
exposed  to  electrical  waves  has  an  E.M.F.  developed  in  it  which 
varies  in  strength  according  to  the  relation  of  the  plane  of  the 
loop  to  the  direction  in  which  the  waves  are  travelling.  By 
changing  this  spatial  relation  and  by  noting  the  effect  upon  the 
curre;'it  induced  in  the  loop  it  is  possible  to  find  the  location  of  the 
aeroplane.  The  Germans  did  this  by  sending  waves  out  from  the  air- 
craft and  by  receiving  them  on  loops  at  various  places  on  the  ground. 
Observers  at  a  central  station  worked  out  the  position  of  the 
source  of  the  waves  and  sent  the  information  to  the  aeroplane. 

The  Royal  Air  Force  solved  the  problem  by  having  a  loop  on 
the  aeroplane  receive  waves  from  several  stations.  The  bearing 
of  each  station  was  worked  out  by  the  aerial  observer  and  from 
this  he  worked  out  his  position.  As  wireless  signals  are  noted  by 
the  ear,  difficulty  was  found  in  applying  this  method  owing  to  the 
noises  of  the  wind  and  of  the  engine.  This  obstacle  was  over- 
come by  increasing  the  strength  of  the  signals.  Electrical  dis- 
turbances emanating  from  the  magneto  were  avoided  by  shielding 
the  machine. 

Two  loops,  main  and  auxiliary,  with  planes  at  right  angles  to 
each  other  were  mounted  on  the  aeroplane.  When  the  loops  have 
this  relative  position  one  has  its  maximum  current  when  the  other 
has  its  minimum.  Suppose  the  main  loop  is  turned  until  its  cur- 
rent is  a  maximum  and  that  then  the  auxiliary  loop  is  joined  to 
the  main  one.  A  little  later  the  auxiliary  loop  is  joined  in  the 
reversed  direction.  As  this  loop  had  no  current,  reversing  it 
makes  no  difference.  If,  however,  the  main  loop  was  not  accu- 
rately in  the  position  for  maximum  current,  the  auxiliary  loop 
would  have  a  current  in  it  and  reversing  it  would  make  a  differ- 
ence. The  procedure  is  to  rotate  the  main  loop  until  its  position 
for  maximum  current  is  approximately  found.  Then  the  auxiliary 
coil,  always  at  right  angles  to  the  other,  is  introduced  into  the 
circuit  first  in  one  direction  and  then  in  the  other,  and  the  two 
loops  are  rotated  about  their  common  axis  until  no  change  in  the 
intensity  of  the  signals  is  caused  by  reversing  the  auxiliary  loop. 
Then  the  position  of  the  plane  of  the  main  loop  to  the  direction  of 
propagation  of  the  waves  is  known. 
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The  two  loops  may  be  mounted  on  the  framework  of  the  aero- 
plane, in  which  case  the  whole  plane  must  be  swung  to  vary  their 
direction,  or  they  may  be  supported  by  a  mounting  attached  to 
the  fuselage  so  that  they  may  be  turned  independently  of  the  plane. 

The  German  method  of  calculation  performed  on  the  ground 
is  the  more  accurate,  since  it  gives  the  position  of  the  aeroplane 
within  two  miles,  while  the  other  method,  largely  owing  to  com- 
pass errors,  has  an  error  of  seven  miles.  Nevertheless,  long 
flights  have  been  made  by  the  use  of  the  lattgr  method,  e.g.,  from 
a  town  near  London  to  Paris  and  back  to  England.  The  navi- 
gator was  able  to  forecast  the  time  of  his  arrival  within  two  minutes. 

G.  F.  S. 

The  British  Fleet  During  the  War.  Sir  E.  T.  D'Eyncourt, 
K.C.B.  {Institution  of  Naval  Architects,  April  7,  1919,  through 
Journal  of  the  American  Society  of  Naval  Engineers,  May,  1919.) — 
During  the  war  the  additions  to  the  British  fleet  amounted  to  2,000,- 
000  tons  at  a  cost  of  £250,000,000.  Great  efiforts  were  made  to 
finish  the  vessels  already  under  way.  Only  such  others  were 
ordered  as  could  be  designed  and  completed  in  a  short  time.  Be- 
lief in  a  brief  war  modified  the  naval  program.  As  soon  as  the 
submarine  menace  was  recognized,  orders  were  placed  for  patrol 
boats,  torpedo-boat  destroyers,  submarines,  light  cruisers,  sloops, 
mine  sweepers,  etc.  Many  such  were  satisfactorily  constructed 
by  firms  hitherto  engaged  only  in  commercial  work. 

The  experience  acquired  in  the  battle  of  Jutland  led  to  the 
application  of  additional  protection  to  the  magazines  of  battle- 
ships. The  value  of  the  longitudinal,  protective  bulkhead  with 
the  accompanying  subdivisions  was  demonstrated  when  the  post- 
dreadnaught  Marlborough  was  torpedoed  and  yet  was  able  to  keep 
in  line.  She  was  safely  docked  in  the  Tyne.  The  decision  to  in- 
crease the  speed  of  the  battleships  of  the  Queen  IClizabeth  class  from 
21  to  25  knots  necessitated  the  doubling  of  the  horsepower.  This 
class  had  oil  as  the  sole  fuel  with  oil  bunkers  30  feet  high,  especially 
designed  to  withstand  the  pressure  of  the  contained  lic|uid.  Oil  fuel 
was  a  distinct  success  as  it  was  found  easier  to  maintain  a  high  speed 
continuously  by  its  use.  Of  course,  a  smaller  number  of  men  were 
needed  than  with  coal. 

The  shaft  horsepower  of  the  battle-cruisers  reached  112.000  in 
the  case  of  the  Renozvn  class  with  a  displacement  of  26,500  tons  and 
speed  of  almost  32  knots.  Two  vessels  of  this  classs  had  their  com- 
missioning trials  a  trifle  more  than  eighteen  months  after  the  date 
of  the  first  order  to  get  out  their  design. 

lliree  hundred  torpedo-boat  destroyers  and  flotilla  leaders  as 
well  as  100  mine  sweepers  were  added  to  the  liritish  fleet.  "  China  " 
gimboats,  120  feet  long,  were  constructed  in  Great  r)ritain  and  sent 
out  in  parts  to  be  assembled  at  Abadan.  Twelve  types  of  sub- 
marines were  made,  among  which  was  one  employing  steam  tur- 
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bines  for  the  surface,  by  which  a  speed  of  24  knots  was  obtained. 
The  problem  of  caring' for  the  funnels  was  successfully  solved. 
These  vessels  had  electric  drive  while  under  water,  and  a  Diesel 
engine  to  use  in  the  act  of  submerging  or  of  emerging.  The  claim 
is  made  that  the  British  produced  submarines  with  greater  speed 
on  the  surface  and  also  under  water  than  the  Huns  had,  as  well 
as  more  heavily  armored  craft.  One  monitor  submarine  carried 
a  twelve-inch  gun. 

Among  auxiliary  craft  are  fast  fleet  oilers,  carrying  5000  tons 
of  oil,  speed  15  knots.  Aircraft  carriers  were  made  from  merchant 
ships.  Of  these  the  Argus  had  flush  decks  and  long  horizontal  ducts 
to  discharge  the  smoke  astern.  G.  F.  S. 

Potash  from  Kelp.  J.  W.  Turrentine  and  Paul  S.  Shoaff 
describe  the  experimental  plant  of  the  U.  S.  Department  of  Agri- 
culture at  Summerland,  California.  (Journal  of  Industrial  and 
Engineering  Chemistry,  vol.  xi,  pp.  864-874,  1919.) — Kelp  is  col- 
lected by  boats  of  100  to  150  tons  capacity,  provided  with  twin 
screws  and  driven  by  internal  combustion  engines.  The  extreme 
bow  of  the  boat  is  provided  with  the  harvesting  apparatus,  the  kelp 
is  cut  by  means  of  knives  approximately  four  feet  below  the  sur- 
face of  the  water,  and  is  then  carried  to  the  deck  by  a  conveyor, 
from  25  to  50  tons  are  harvested  in  an  hour.  The  cargo  is  removed 
from  the  boat  by  an  automatic  fork  which  delivers  its  load  to  the 
hopper  of  a  chopper  on  the  dock.  The  chopper  cuts  the  kelp  into 
lengths  of  approximately  6  feet,  which  are  then  moved  to  the  stor- 
age bin  of  the  plant  by  drag  conveyors.  The  raw  kelp  is  fed  into  a 
rotar}'  drying  kiln,  where  it  meets  a  counter  current  of  hot  air, 
which  enters  the  kiln  at  a  temperature  of  800°  C.  and  leaves  it  at  a 
temperature  of  50°  C.  This  preliminary  drying  is  followed  by  a  final 
dr\-ing  in  a  similar  kiln.  The  dried  kelp  is  fed  into  the  top  of  a  re- 
tort, which  is  kept  at  a  temperature  of  approximately  980°  C.  The 
charred  mass  is  drawn  off  from  a  hopper  at  the  bottom  of  a  retort, 
cooled,  ground  and  lixiviated.     The  by-products  are  recovered. 

In  the  lixiviation  use  is  made  of  leaching  troughs,  filter 
presses,  and  the  principle  of  the  counter  current.  The  char  is 
first  extracted  with  a  concentrated  brine,  while  fresh  hot  water  is 
used  for  its  final  extraction.  The  press  coke  of  charcoal  is  ex- 
tracted successively  with  hot  hydrochloric  acid  and  water,  by 
proper  extraction,  a  product  is  obtained  which  is  of  value  as  a 
decolorizing  agent  for  certain  organic  liquids  and  aqueous  solu- 
tions.   The  charcoal  is  then  collected  in  a  filter  press  and  dried. 

After  removal  of  sulphates,  the  brine  from  the  leaching  process 
is  heated  in  a  vacuum  pan  until  a  definite  concentration  is  reached, 
it  is  then  transferred  to  a  vacuum  crystallizer,  where  the  potas- 
sium chloride  deposits.  The  cooled  brine  is  returned  to  the 
vacuum  pan  and  further  concentrated  while  sodium  chloride 
separates.     Each  salt  is  washed,  dried  first  in  a  centrifugal  ma- 
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chine,  then  in  a  rotary,  counter-current,  hot-air  drier,  and  finally 
packed  for  market.  The  mother  liquors  are  used  until  their  con- 
tent of  iodine  salts  has  become  sufficiently  great.  They  are  then 
treated  for  the  recovery  of  iodine  as  a  by-product. 

The  volatile  by-products  recovered  from  retorting  include 
ammonia  liquor,  methyl  alcohol,  and  an  oily  distillate  from  which 
have  been  obtained  an  oil  which  is  of  value  in  the  concentration 
of  ores  by  flotation,  and  a  creosote  which  is  highly  toxic  to  bac- 
teria and  may  be  used  as  a  wood  preservative.  Gas  is  also  pro- 
duced in  the  retort  and  is  used  as  fuel. 

By  another  process,  the  dried  kelp  is  fed  into  one  end  of  a 
rotary  killn  while  a  flame  from  burning  oil  enters  at  the  other  end; 
the  kiln  is  lined  with  fire  brick.  Charcoal  is  produced  and  leaves 
the  kiln  at  a  low  red  heat;  it  may  be  quenched,  ground,  and 
leached  to  obtain  the  potash  salts,  or  it  may  be  permitted  to  burn 
to  a  loose,  gray,  non-caking  kelp  ash  with  a  potassium  content 
equal  to  approximately  35  per  cent.  KjO. 

Manufacture  of  War  Gases  in  Germany.  James  V.  No^ris. 
(Journal  of  Industrial  and  Engineering  Chemistry,  vol.  xi,  pp.  817— 
829.) — This  paper  by  Lieutenant-Colonel  Norris  is  based  on  his 
official  tour  of  inspection  of  chemical  plants  at  Leverkusen, 
Hochst  am  Main,  Biebrich,  and  Ludwigshafen  in  the  occupied 
zone  of  Germany.  In  addition  to  the  manufacture  of  poison 
gases,  attention  is  also  paid  to  the  manufacture  of  synthetic 
rubber  and  of  charcoal  for  gas  masks. 

Rubber  was  manufactured  from  acetone.  This  compound  was 
reduced  to  pinacone  by  means  of  aluminum  and  hydroxide.  The 
pinacone  was  distilled  under  pressure  ;  it  thereby  lost  water  from 
its  molecule,  and  yielded  a  distillate  of  methyl  butadiene,  an' un- 
saturated hydrocarbon.  Polymerization  was  produced  by  heating 
this  hydrocarbon  at  a  temperature  of  ai)proxiniately  600°  C.  for  a 
period  of  4  to  6  months;  the  product  of  methyl  rubber  was  a  clear, 
tough,  white,  transparent  mass,  with  the  projjcrties  of  the  best 
caoutchouc,  and  was  used  in  the  manufacture  of  automobile  tires 
and  other  rubber  goods. 

Charcoal  for  gas  masks  was  made  from  pieces  of  wood  (usu- 
ally j)ine)  of  even  size  and  one-fourth  inch  in  diameter.  They 
were  soaked  for  at  least  30  minutes  in  hydrochloric  acid  of  JO'^  to 
40°  Baume,  to  which  a  small,  but  indefinite  amount  of  zinc  chloride 
had  been  added.  They  were  then  packed  into  a  muffle,  which  was 
24  inches  square  by  12  feet  long,  until  only  a  few  inches  of  air  space 
remained  above  the  pile  of  wood.  The  muffle  was  provided  with 
an  iron  door,  a  lining  of  porcelain  tile  and  a  stoneware  flue  pipe, 
which  led  to  an  hydrochloric  acid  condenser  jjlant.  C^uboniza- 
tion  occurred  slowly  and  very  thoroughly  ;  the  muffle  was  heated 
to  a  cherry  red,  and  heat  was  aj)plied  for  at  least  6  or  8  hours, 
'i'lic  charcoal  was  washed  with  hydrochloric  acid  until  the  soluble 
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ash  had  been  reduced  to  a  minimum,  and  the  finished  product 
contained  approximately  o.oi  per  cent,  of  zinc.  It  was  next  washed 
free  from  acid.  The  total  time  required  for  washing  was  2  or  3 
days.  The  charcoal  was  then  drained  on  a  grill,  dried  in  vacuum 
at  70°  to  80^  C.  and  finally  sifted  in  a  rotary  sieve  to  remove  the  dust. 

The  processes  used  in  the  manufacture  of  the  various  poison 
gases  may  be  briefly  outlined. 

Mustard  gas,  or  B^B'  dichlorethyl  sulphide,  was  manufactured 
from  common  grain  alcohol.  Ethylene  was  obtained  by  passing  alco- 
hol vapor  over  aluminum  oxide  at  a  temperature  of  380°  to  400°  C 
Ethylene  chlorhydrin  was  prepared  by  passing  carbon  dioxide  and 
ethylene  into  an  aqueous  solution  of  chloride  of  lime.  By  reac- 
tion with  sodium  sulphate,  the  chlorhydrin  was  changed  to  B^B' 
dihydroxy  ethyl  sulphide ;  this  compound  was  converted  into 
mustard  gas  by  treatment  with  hydrogen  chloride.  The 
mustard  gas  was  used  as  a  solution  in  either  chlorbenzene  or 
carbon  tetrachloride. 

Perchlormethyl  formate,  also  called  trichlormethyl  chlorfor- 
mate.  diphosgene,  or  superpalite,  was  manufactured  by  two  proc- 
esses. Methyl  formate  was  made  in  the  usual  way,  then  chlorinated 
under  the  influence  of  high  candle  power  lights  with  osram  fila- 
ments. Or  methyl  chlorforrhate  was  prepared  by  the  reaction  of 
phosgene  (carbonyl  chloride)  and  methyl  alcohol,  and  was 
then  chlorinated. 

The  raw  materials  for  the  manufacture  of  diphenylchlorarsine 
or  blue  cross  gas  w'ere  aniline  and  arsenous  oxide.  The  diazo- 
tized  aniline  hydrochloride  was  permitted  to  react  with  sodium 
arsenite  in  the  presence  of  cupric  sulphate  to  obtain  the  sodium 
salt  of  phenylarsenic  acid.  This  acid  was  liberated  by  addition  of 
hydrochloric  acid,  then  reduced  to  phenylarsenous  acid  by  use  of 
sulphur  dioxide.  The  sodium  salt  of  phenylarsenous  acid  was 
next  condensed  with  diazabenzene  chloride  to  obtain  sodium 
diphenylarsenate.  which  yielded  diphenylarsenic  acid  when 
treated  with  hydrochloric  acid.  The  diphenylarsenic  acid  was 
reduced  to  diphenylarsenous  oxide  by  means  of  sulphur  dioxide. 
This  oxide  was  immediately  converted  into  diphenylchlorarsine 
by  hydrochloric  acid,  which  had  been  added  to  the  reaction  mixture. 

Diphenylcyanarsine  was  made  by  treating  diphenylchlorarsine 
with  either  sodium  cyanide  or  potassium  cyanide. 

In  the  manufacture  of  ethyldichlorarsine,  ethyl  chloride  was 
made  to  react  with  sodium  arsenite  to  obtain  sodium  ethylarsen- 
ate.  The  solution  of  this  salt  was  made  neutral,  treated  with  an 
excess  of  sulphur  dioxide,  and  heated  to  70°  C.  The  ethylarsenic 
acid  was  reduced  to  ethylarsenous  acid,  then  converted  into  the 
anhydride  of  the  latter,  i.e.,  ethylarsenous  oxide.  This  oxide  was 
changed  into  ethyldichlorarsine  by  treatment  with  hydrogen  chloride. 

Phenyliminophosgene  was  made  by  the  action  of  chlorine  on 
phenyl  mustard  oil. 
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Symmetric  dichlor  methyl  ether  was  obtained  by  the  action 
of  chlorsulphonic  acid  on  either  paraformaldehyde  or  an  aqueous 
solution  of  formaldehyde  in  the  presence  of  sulphuric  acid  and 
water.  Symmetric  dibrom  ethyl  ether  was  manufactured  in 
exactly  the  same  manner  except  that  ammonium  bromide  was 
substituted  for  chlorsulphonic  acid. 

Bromacetone  and  brommethylethyl  ketone  were  made  from 
acetone  and  methylethyl  ketone  respectively  by  treatment  with 
bromine  and  chlorate  of  either  sodium  or  potassium  in  aqueous 
solution. 

Xylyl  bromide  was  prepared  by  bromination  of  xylene,  chlor- 
picrin  by  the  reaction  of  picric  acid  and  bleaching  powder. 

Phosgene  was  obtained  by  the  union  of  carbon  monoxide  and 
chlorine  in  the  presence  of  a  carbon  catalyst,  which  was  prepared 
from  wood  charcoal  by  treating  with  hydrochloric  and  other 
acids  until  entirely  free  from  soluble  ash,  washing,  and  drying  in 
vacuum.  Animal  charcoal  yielded  an  even  better  catalyst.  The 
charcoal  was  used  in  fragments  of  approximately  one-fourth  inch 
mesh,  and  retained  its  catalytic  activity  for  about  six  months. 
The  carbon  monoxide  was  prepared  by  passing  carbon  dioxide 
over  charcoal  in  gas-fired  muffles  and  washing  with  sodium  hydroxide. 

The  average  monthly  production  in  tons,  of  certain  of  these 
poison  gases  was : 

Mustard  gas   "300 

Diphosgene    439 

Diphcnylchlorarsine    150 

Ethyldichlorarsine    78 

Phosgene    318 

Phenyliminophosgene   65 

Dichlormethyl  ether  26 

Dibrom  methyl  ether  7 

Chlorpicrin    245 

Xylyl  bromide    ' 55 

Bromacetone  plus  Rrommethyethyl  ketone   19 

J.  S.  H. 

Solar  Constant  of  Radiation,  C.  G.  AiuioiT.  (Proc.  National 
Academy  of  Sciences,  September,  1919.) — The  quantity  of  energy 
from  the  sun,  incident  in  one  minute  upon  one  square  centimetre 
of  surface,  at  mean  distance  from  the  sun,  outside  the  earth's 
atmosphere  and  placed  perpendicular  to  the  direction  in  which 
the  radiation  moves,  is  called  the  Solar  Constant  of  Radiation. 
For  fourteen  years  the  Smithsonian  As(ro])hysical  Observatory  at 
Mount  Wilson,  Calif.,  has  been  studying  this  constant.  One  re- 
sult is  that  it  turns  out  to  be  no  constant  at  all.  From  day  to 
day  it  changes,  i)roving  the  sun  to  be  a  variable  star.  There  are 
two  sui)er-imposed  variations,  one  with  a  range  of  from  3  per  cent. 
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lo  5  per  cent.,  extending  over  the  period  of  the  sun-spot  cycle,  the 
other  being  irregular  and  having  periods  of  months  or  days  with  a 
range  of  occasionally  as  much  as  10  per  cent. 

Observations  in  Algeria  in  191 1  and  1912  confirmed  the  Califor- 
nian  results.  Since  1918  an  expedition  has  been  measuring  the 
constant  in  Chile,  at  an  altitdue  of  7500  feet,  in  a  very  cloudless 
region.  It  is  found  that  at  Mount  Wilson  and  at  Calama,  Chile,  in 
different  hemispheres  and  5000  miles  apart  changes  in  the  quantity 
of  radiation  received  from  the  sun  keep  step  with  each  other. 
Furthermore,  a  connection  has  been  established  betw^een  varia- 
tions in  solar  radiation  and  weather  conditions  on  the  earth.  The 
Argentine  government  is  employing  radiation  data  from  Calama 
in  forecasting  the  weather. 

Observations  at  both  stations  showed  that  the  solar  radiation 
was  greater  than  the  average  in  1918,  equalHng  1.95  calories  per 
minute.    The  average  value  is  1.93.  G.  F.  S. 

Alcohol  as  a  Motor  Fuel. — Reference  was  made  recently  in  a 
note  in  this  Journal  to  the  importance  of  investigations  for  secur- 
ing cheap  methods  of  production  of  alcohol  suitable  for  use  in 
internal  combustion  engines.  The  supply  of  petroleum  products, 
while  abundant,  is  not  inexhaustible,  and  as  alcohol  is  obtainable 
from  vegetable  substances,  there  is  no  practical  limit  to  the 
supply.  At  present,  the  cost  of  production  is  the  only  serious  bar 
to  its  extensive  use.  The  use  of  gasoline  is  increasing  at  a  rapid 
rate.  The  following  figures  taken  from  an  article  in  The  Engineer 
( 1919,  vol.  cxxviii,  p.  17)  show  in  round  numbers  the  consumption 
of  gasoline  in  the  United  States  for  the  past  few  years : 

Year  U.  S.  Gallons                     Increase 

I914    1,440,000,000 

I915 1,680,000,000  240,000,000 

1916 2,000,000,000  320,000,000 

I917 2,780,000,000  780,000,000 

I918 3,210,000,000  430,000,000 

The  reduction  in  the  rate  of  increase  from  1917  to  1918  is 
doubtless  due  to  the  restriction  of  private  use  under  the  government 
appeals,  as  in  the  case  of  the  "  gasless  Sundays."  It  is  almost  cer- 
tain that  1919  will  show  a  great  increase  over  191 7. 

Influenced  by  the  importance  of  the  problem  and  by  the  fact 
that  Great  Britain  must  obtain  a  large  part  of  its  gasoline  or  other 
hydrocarbon  fuel  from  other  countries,  the  British  government 
appointed  a  commission  to  investigate  the  alcohol  question.  The 
report  of  this  commission  has  just  been  published.  Some  of  the 
data  are  given  in  the  issue  of  The  Engineer  above  quoted. 

It  is  pointed  out  that  not  only  will  the  demand  for  ordinary 
motor  cars,  pleasure  or  commercial,  be  constantly  increasing,  but 
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the  development  of  the  airplane  and  dirigible  will  add  enormously 
to  the  requirements.  If  alcohol  can  be  substituted  in  large  part 
for  the  other  hydrocarbon  fuels  it  will  be  possible  to  establish 
stations  for  its  manufacture  at  or  very  near  to  the  stations  of  the 
air  lines,  thus  materially  diminishing  the  expense  of  handling 
the  fuel. 

It  is  stated  that  a  great  deal  of  molasses  goes  to  waste,  which 
might  be  utilized  as  a  source  of  alcohol.  One  ton  of  potatoes 
(2240  pounds)  yields  24  (U.  S.)  gallons  of  95  per  cent,  alcohol. 
Peat  has  not  yet  been  successfully  used.  Reference  is  made  to  a 
tree  that  grows  in  the  central  India  region,  the  flowers  of  which 
contain  considerable  amount  of  fermentable  sugar.  According  to 
the  report,  the  sun-dried  flowers  contain  60  per  cent,  of  this,  and 
ought  to  yield  somewhat  over  100  (U.  S.)  gallons  per  long  ton. 
It  does  not  seem  likely,  however,  that  a  tree  flower  could  be 
obtained  in  sufficient  abundance  to  affect  materially  the  sup- 
ply of  alcohol. 

The  commission  recommends  a  search  for  cheap  denaturants 
or  those  which  are  effective  in  very  small  amount  (suggesting 
formaldehyde  as  one  of  the  latter)  and  points  out  that  much  of 
the  strictness  of  the  revenue  laws  will  have  to  be  relaxed  if  a 
cheap  fuel  is  to  be  obtained.  It  also  recommends  that  all  indus- 
trial alcohol  should  be  sold  with  indication  of  its  percentage  of 
ethyl  hydroxide.  One  advantage  of  alcohol  as  a  fuel  is  that  it 
will  be  practically  uniform  in  efficiency  wherever  obtained. 

H.  L. 

Analysis  of  Photographs  of  Fog  Signals  Obtained  with  the 
Phonodeik.  D.  C.  Miller.  (Trans.  Royal  Society  of  Canada, 
March,  1919.) — The  source  of  the  signals  was  a  Northey  diaphone 
at  Father  Point  Station,  Quebec.  Photographs  were  made  by  the 
phonodeik,  one  of  Professor  Miller's  own  devices.  A  horn  di- 
rects the  sound  waves  upon  a  sensitive  diaphragm  whose  vibra- 
tions are  transmitted  to  a  small  mirror.  A  beam  of  light  is 
reflected  from  this  and  falls  on  a  moving  photographic  film.  As 
the  mirror  vibrates  the  reflected  beam  moves  correspondingly 
and  a  sinuous  trace  of  the  sound  wave  is  produced  on  the  film. 

Records  were  taken  at  dififerent  distances  over  water  in  front 
of  the  fog-signal  and  also  on  the  land  away  from  the  axis.  By 
means  of  the  apparatus  described  in  the  Journal  ok  The  Franklin 
Institute,  Januaiy  and  September,  1916,  the  curves  were  analyzed 
into  twenty  or  even  thirty  components  and  the  results  of  the 
analysis  were  proved  by  synthesis.  The  effective  frequency  of 
the  fog-signal  was  174  per  second,  though  a  note  an  octave  below 
was  always  present.  The  analysis  gives  the  ani])litudc  of  this 
lowest  component  and  of  19  harmonics.  When  those  were  com- 
bined they  reproduced  the  curve  actually  photographed  by 
the  phonodeik. 

The  relation  between  the  amplitudes  of  the  several  overtones 
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varies  greatly,  changing  with  distance  from  the  source.  The 
higher  harmonics  are  always  feebler  than  the  lower  group  and 
disappear  entirely  at  about  two  miles  from  the  signal.  A  study 
of  the  intensities  of  the  harmonics  shows  that  the  master-tone, 
174  in  frequency,  carries  best  of  all  to  distances  of  two  miles  or 
more,  though  the  octave  above  it  exceeds  it  at  iioo  feet  nearer 
the  source.  The  inverse  square  law  of  decrease  of  intensity  was 
found  to  be  invalid. 

When  a  horn  was  used  on  the  fog-signal  and  photographs 
taken  away  from  the  axis,  the  higher  harmonics  were  not  rela- 
tively so  strong  as  they  were  along  the  axis.  An  increase  in  the 
air  pressure  used  in  blowing  the  diaphone  resulted  in  an  increased 
acoustical  output.  Elevating  the  air  pressure  caused  those  tones 
which  had  the  greatest  carrying  power  to  increase  in  intensity 
more  rapidly  than  the  others.  q  p  g_ 

French  Railways,  Highways  and  Canals  After  the  Invasion 
by  the  Huns.  (Genie  Civile,  April  5  and  September  27,  1919.)  — 
In  a  report  made  to  the  President  of  France,  March  21,  1919,  it  is 
stated  that  the  following  losses  were  inflicted  upon  the  railroads  of 
France  during  the  war:  5600  km.  of  single  track  line,  1510  bridges, 
12  tunnels  and  590  buildings.  To  render  the  tracks  useless  the 
Huns  employed  a  crude  but  effective  plow  of  rails  dragged  along 
the  road-bed  by  a  locomotive.  Some  hundreds  of  mines  cal- 
culated to  explode  after  a  long  interval  were  left  in  place.  The 
seriousness  of  the  situation  was  shown  by  the  fact  that  of  the 
seven  lines  formerly  connecting  Paris  to  Alsace-Lorraine  only 
one  was  left  in  operating  condition.  Fifty  thousand  freight  cars 
were  lost  by  France  in  August,  1914.  At  the  beginning  of  the 
present  year  great  numbers  of  locomotives,  freight  cars  and  pas- 
senger cars  were  awaiting  repair.  Highways.  One  hundred  and 
five  thousand  kilometres  of  roads  were  in  need  of  more  or  less  con- 
siderable repair.  Canals.  The  work  of  destruction  embraced  450 
bridges,  115  locks  and  1075  km.  of  canals  or  canalized  rivers. 

The  later  number  of  G&nie  Civile  renders  due  credit  to  the 
assistance  of  the  British  and  the  American  troops  and  presents 
an  encouraging  report  of  the  state  of  the  repair  work.  In  the 
railroad  systems  of  the  north  by  September  i,  1919,  all  of  the 
single  track  lines  and  all  but  6  km.  of  the  double  track  lines  have 
been  restored.  Only  four  (4)  of  the  destroyed  stations  remain  to 
be  cleared  away,  one  viaduct  has  been  put  anew  in  service  and 
others  were  nearing  completion.  In  the  system  of  the  east  more 
remained  to  be  done. 

The  canal  system  has  been  restored  to  a  surprising  extent. 
Paris  is  again  connected  to  the  coal  fields  of  the  north  by  inter- 
nal w^ater-ways,  and  also  with  the  east.  Electric  traction  to 
transport  the  coal  from  the  Sarre  basin  is  to  be  installed  on  the 
Marne-Rhine  Canal. 
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Much  work  has  been  done  in  road  repair.  Bridges  amounting 
in  length  to  a  total  of  4  km.  have  been  put  in  position.  Seven 
thousand  kilometres  of  roads  have  been  restored,  but  much  re- 
pairing awaits  the  futvire.  q  p  g 

Safety  in  a  Steel  Plant.  H.  P.  Heyne.  (National  Safety 
Council,  1919.) — Each  establishment  should  have  its  system  of 
shop  discipline,  but  there  are  ways  in  which  the  emplyees  can 
better  inform  themselves  regarding  what  is  expected  of  them, 
through  the  inauguration  of  a  systematic  program  for  conduct- 
ing the  work. 

The  new  way  to  put  safety  across  in  any  plant,  is  to  meet  the 
problems  with  a  better  understanding  of  affairs,  and  an  assurance 
of  fairness  between  the  foremen  and  the  employees,  which  should 
furnish  the  material  for  erecting  the  foundation  for  the  cooper- 
ative spirit  which  the  coming  era  is  ushering  in. 

The  two  factors  which  bind  men  together  are  fellowship  and 
good-will,  based  on  mutual  confidence.  These  are  indispensable 
m  attaining  unity  of  purpose  on  the  part  of  all  for  the  welfare  of  all. 

A.  R. 

Further  Notes  on  Alcohol  as  Fuel.  (Bulletin  245,  Am.  Chem. 
Soc.  News  Service.) — King  Alcohol  was  hailed  as  a  new  monarch 
of  the  realm  of  power  in  a  symposium  held  Friday,  October  10,  by 
the  New  York  Section  of  the  American  Chemical  Society.  The 
five  well-known  chemists  who  addressed  the  section  told  of  new 
sources  of  alcohol  which  could  be  tapped  and  indicated  many 
new  uses  for  it. 

B.  R.  Tunison  said  that  probably  ten  times  as  much  alcohol 
as  was  consumed  before  Prohibition  days  would  eventually  be 
utilized  by  the  American  people,  albeit,  they  have  decided  to 
dispense  with  it  as  a  beverage.  In  a  normal  year  the  United 
States  drank  i6o,cx)o,ooo  gallons  of  alcohol  and  used  approximately 
100,000,000  gallons  in  the  various  arts.  Among  the  sources  which 
could  be  developed  is  the  nipa  palm  which  flourishes  in  the  Philip- 
pines and  other  tropical  countries,  and  yields,  said  Mr.  Tunison, 
about  15  per  cent,  of  sugar  which  could  be  fermented,  l-'rom  that 
source  alone  50,000,000  gallons  a  year  could  easily  be  produced. 
The  Mexicans  brew  a  fiery  beer  from  the  sotol  plant,  a  variety  of 
agave  which  exists  in  very  large  quantities  in  their  country  from 
which  millions  of  gallons  could  be  distilled.  By  changing  the 
cellulose  of  sawdust  and  other  wood  waste  into  sugar  and  then 
fermenting  that  substance,  plenty  more  alcohol  can  be  obtained. 
It  is  identical  with  that  derived  from  grain  and  is  ([uite  diiTerent 
from  the  methyl  or  so-called  w(Jod  alcohol  of  the  "  Pink  Ele- 
phant "  brand  which  is  made  by  another  process.  Considerable 
alcohol  can  also  be  derived  from  the  waste  of  gas  works. 
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In  order  to  bring  all  these  alcohols  within  the  domain  of  the 
law  they  have  been  denatured  or  treated  in  such  a  way  as  to  make 
them  unfit  for  human  consumption.  There  are  now  about  forty 
denaturing  formulas  which  are  approved  by  the  Internal  Revenue 
Bureau.  The  Government  puts  on  a  tax  of  $4.15  a  gallon  on 
straight  alcohol  even  if  employed  for  industrial  purposes.  Un- 
drinkable  alcohols  are  used  as  solvents  in  the  various  chemical 
industries  and  especially  in  the  development  of  the  rapidly  grow- 
ing dye-industry.  They  can  serve  well  in  the  manufacture  of 
rosins  as  a  solvent  and  by  their  use  a  perfectly  transparent  prod- 
uct can  be  manufactured. 

^Ir.  Tunison  prophesied  that  as  the  petroleum  supply  de- 
creases and  the  price  of  gasoline  is  therefore  raised,  alcohol  will 
come  into  greater  use  as  a  motor  fuel.  Denatured  ethyl  alcohol, 
identical  in  composition  with  that  distilled  from  grains,  is  now 
cheap  in  car-load  lots,  and  there  are  compounds  of  it  which  are 
sold  even  now  for  only  a  few  cents  more  a  gallon  retail  than  the 
price  of  gasoline.  Mr.  Tunison  said  that  these  new  alcohol  fuels 
yield  more  power  to  the  gallon  than  does  gasoline  and  do  not 
clog  carburetors.  There  is  also  a  demand  for  the  so-called  solidi- 
fied alcohol  which  is  made  by  adding  parafiine  and  such  sub- 
stances to  spirits. 

F.  W.  Kressmann  gave  details  concerning  the  manufacture 
of  "  Ethyl  Alcohol  from  Wood  Waste."  G.  F.  Richmond  told 
of  the  possible  increased  use  of  the  so-called  "  Higher  Alcohols  " 
which  are  employed  in  the  manufacture  of  extracts  and  per- 
fumes. Ralph  H.  McKee  spoke  of  "  Alcohol  from  Sulphite  Wood 
Waste."  and  Leonard  H.  Cretcher's  topic  was  "  The  Use  of 
Alcohol  in  the  Dye  Industry." 

Tanks  in  Warfare.  (Society  of  Automotive  Engineers,  1919.) 
— There  is  no  doubt  of  the  great  value  of  tanks  in  warfare.  They 
are  an  answer  to  the  machine  gun.  As  in  other  automotive 
vehicle  design  the  questions  w^hich  arise  in  formulating  specifica- 
tions for  tanks  relate  to  overall  size,  amount  of  internal  space, 
power,  capacity  and  running  speed.  There  are,  of  course,  numer- 
ous other  matters  involved  by  virtue  of  the  characteristics  of 
tank  operation,  such  as  balance  and  ground  pressure.  The  power 
plant  is  obviously  a  vital  feature  of  the  tank.  The  tank  now  has 
one-man  operation  as  a  feature,  whereas  several  men  were  re- 
quired to  drive  the  first  European  models.  Generally  speaking, 
it  is  to  be  expected  that  tanks  and  tractors  will  not  only  be 
equipped  with  various  types  of  accessories  developed  and  to  be 
developed,  but  be  lighter,  faster  and  less  noisy.  One  interesting 
phase  of  tank  construction  is  the  feasible  life  of  the  machine  under 
strenuous  conditions  so  far  as  the  power  plant  is  concerned.  There 
is  no  doubt  that  the  task  of  an  engine  in  a  large  tank  is  a  very 
severe  one.    Our  Army  had,  however,  a  goodly  number  of  tanks 
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in  operation  for  a  considerable  time  during  the  war  and  these 
were  right  at  the  front  when  the  Armistice  was  signed.  The 
tanks  are  not  an  independent  arm  of  the  service  in  that  they  re- 
quire infantry  support.  One  of  their  particular  functions  is  to 
clear  the  way  for  the  infantry,  especially  with  regard  to  enemy 
machine  guns.  There  is  no  doubt  that  the  tanks  are  a  decidedly 
effective  humane  element  in  the  saving  of  men  in  war  engagement. 

A.  R. 

Suez  Canal  Business  During  the  War  Period. — While  the 
international  agreement  under  which  the  Suez  Canal  is  operated 
prohibits  its  being  blockaded,  the  state  of  war  influenced  mate- 
rially the  traffic  through  it,  particularly  in  view  of  the  activity  of 
the  submarines  of  the  Central  Powers.  As  the  German-Austrian 
surface  navy  was  practically  swept  from  the  seas  in  the  early  days 
of  war,  it  is  probable  that  if  submarine  activity  had  not  occurred 
but  little  difference  would  have  been  found  in  the  canal  traffic. 
The  data  for  1918  in  comparison  with  those  for  1912,  for  instance, 
show  a  falling  ofif  of  over  50  per  cent,  in  number  of  ships,  and  some- 
what less  than  the  same  percentage  in  total  tonnage.  Notwith- 
standing the  concentration  of  submarines  on  the  English  com- 
merce, the  canal  traffic  under  the  English  flag  was,  during  1918, 
over  79  per  cent,  of  the  total.  Throughout  the  years,  England  has 
led  by  a  large  margin,  Germany  being  second.  German  tonnage,  of 
course,  disappeared,  and  that  of  Holland  which  was  third  in  1912 
fell  to  a  single  ship  of  less  than  5000  tons.  The  falling  off  of  the 
Dutch  tonnage  is  probably  due  to  the  diversion  of  the  East  India 
traffic  to  the  Cape  of  Good  Hope  route  for  safety.  Italy  and 
Japan  have  increased  somewhat  their  canal  tonnage,  but  may  not 
be  able  to  hold  their  relative  position  when  England  recuperates. 
The  United  States  tonnage  is,  as  might  be  expected,  quite  small ; 
for  some  recent  years  less  than  half  a  dozen  ships  a  year,  with  a 
total  tonnage  of  less  than  10,000.  Comparative  statistics  show  that 
the  average  tonnage  per  vessel  has  been,  as  a  rule,  increasing. 

H.  L. 


Starch-dust  Explosions. — In  some  investigations  of  the  phe- 
nomena of  (lust  explosions  at  tlie  pltuM  of  the  lUireau  of  Mines 
near  Pittsburgh,  a  very  unexpected  result  was  obtained.  The 
plant  consists  of  a  steel  cylinder,  225  feet  long  .set  above  ground, 
intended  as  a  counterpart  of  a  mine  gallery.  The  upper  part  of 
the  pipe  has  at  certain  intervals,  ports  provided  with  lids.  The 
progress  of  an  explosion  can  be  watched  by  the  jets  of  flame  and 
smoke  that  appear  at  the  vents.  Lately,  motion  pictures  have 
been  taken  of  the  ])henomena,  more  particularly  for  use  in  cam- 
paign for  i)rcvention  of  grain-dust  explosit)ns.  After  experiments 
with  coal-dust,  in  which  rather  violent  explosions  were  produced. 
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the  cylinder  was  cleaned  and  flour-dust  exploded.  The  blast  was 
far  more  violent  than  that  from  the  coal-dust,  and  startled  the 
engineers.     Starch-dust  was  then  used. 

During  each  of  the  first  two  blasts  the  operator  was  somewhat 
shaken  by  the  detonation,  but  the  shocks  were  relatively  light 
and  their  effects  little  more  than  temporary.  With  the  setting  off 
of  the  starch  charge,  however,  the  earth  seemed  to  tremble,  the 
booth  rocked  on  its  foundation,  and  reports  received  later  showed 
that  houses  two  and  three  miles  away  were  shaken.  The  con- 
cussion shattered  the  glass  in  the  walls  of  the  camera  booth. 
The  operator  was  temporarily  blinded  and  almost  stunned,  but 
his  long  training  in  his  profession  kept  him  turning  the  crank  of 
his  camera  even  as  it  swayed  to  and  fro  in  its  shelter.  All  of  this 
upheaval  took  but  an  instant  of  time.  Climbing  out  from  the 
broken  booth  the  operator  looked  about  and  found  that  some  of 
the  engineers,  who  had  stood  at  a  considerable  distance  to  wit- 
ness the  test,  had  been  thrown  to  the  ground.  As  soon  as  they 
recovered  their  senses  and  equilibrium  they  ran  to  the  camera 
booth,  fearing  that  the  operator  had  been  killed. 

While  no  one  received  serious  injuries,  the  experiment  was 
one  which  no  one  is  anxious  to  go  through  a  second  time.  Ex- 
amination of  the  Bureau  of  Mines'  equipment  showed  that  the 
concrete  foundations  had  been  shattered  by  the  violence  of  the 
blast  and  part  of  the  shelves  within  had  been  blown  out  and  re- 
duced to  kindling,  while  the  target  or  deflecting  screen  which 
stood  at  some  distance  from  the  open  mouth  of  the  cylinder, 
had  been  partly  torn  from  its  deeply  laid  foundations.  Motion- 
picture  men  state  that  in  the  whole  history  of  the  industry, 
few  movie  views  of  this  sort  have  been  taken  under  such 
hazardous  circumstances. 

H.  L. 

De-lousing  Experiments. — Every  one  knows  the  serious  aspect 
of  the  louse  question  in  army  hygiene.  While  those  who  were  far 
from  the  trenches  were  occasionally  humorous  about  the  "  cooties," 
those  who  had  to  deal  with  them  saw  no  joke.  The  subject  has  an 
industrial  as  well  as  military  bearing,  for  the  insect  is  known  to 
be  a  carrier  of  several  diseases.  It  is  pretty  well  established  that 
in  Serbia  typhus  fever  was  mainly  propagated  by  lice.  Human 
beings  are  infected  with  three  forms  of  lice,  but  the  most  impor- 
tant one  is  the  body  louse  (Pediculus  corporis).  A  scientific  in- 
vestigation of  the  methods  of  ridding  clothing  of  these  was 
undertaken  by  Wm.  Moore,  B.A.,  and  Arthur  D.  Hirshfelder, 
M.D.,  both  of  the  faculty  of  the  University  of  Minnesota.  The 
work  is  far  from  agreeable,  but  the  investigators,  with  others,  in- 
cluding students  of  the  University,  pursued  faithfully  their  labors. 
Lice  were  reared  in  great  numbers  in  incubators  and  fed  on 
human  blood,  as  many  as  4000  having  been  fed  at  one  time  on  the 
forearm  of  one  person. 
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The  pamphlet  of  86  pages,  8vo.,  gives  the  details  of  the  experi- 
ments, and  an  extensive  bibliography.  The  conclusions  are 
as  follows : 

1.  Lice  may  be  reared  under  incubator  conditions  in  large  num- 
bers, if  fed  with  human  blood  twice  daily,  but  under  such  condi- 
tions the  life  cycle  is  slowed  down,  and  the  daily  and  total  egg 
production  per  female  is  reduced. 

2.  Fever,  rash,  and  a  general  lassitude  are  produced  as  a  result 
of  louse  bites. 

3.  Lice  and  their  eggs  are  destroyed  by  the  ordinary  launder- 
ing processes  used  in  the  washing  of  cotton  and  khaki  goods ;  for 
woolens  slight  alterations  in  the  methods  of  washing  are  necessary. 

4.  Chlorpicrin  may  be  used  for  fumigation  of  garments,  accom- 
plishing the  desired  results  in  a  short  period,  with  a  small  quantity 
of  the  chemical,  without  the  use  of  high  temperatures. 

5.  The  sachet  method  of  controlling  lice  is  ineffective  or 
very  expensive. 

6.  Louse  powders  may  be  used  with  success  but,  being  a  wasteful 
method  of  applying  an  insecticide,  are  not  recommended. 

7.  Impregnation  of  the  vmderwear  is  the  most  promising 
method  of  louse  control  between  lousings.  Active  chemicals  of 
very  low  volatility  are  necessary  to  prove  effective  for  the  long- 
est period  of  time.  Halogenated  phenols,  such  as  dibrometacre- 
sol,  dichlormonobrometacresol,  and  their  sodium  salts,  dibromcar- 
vacrol,  and  dibromxylenol  were  found  to  be  the  most  promising 
under  laboratory  conditions.  H.  L. 

New  Food  Oil  from  Grape  Seed.  (Am.  Chem.  Soc.  News 
Service.) — From  the  grape  seeds  is  being  derived  a  new  food  oil. 
It  is  pressed  from  the  seeds  which  formerly  were  discarded.  This 
l)y-product  has  been  found  edible  and  nutritious.  It  may  become 
a  rival  of  olive  and  cottonseed  oils  for  cooking  and  salad  dressing. 

Dr.  J.  H.  Shrader,  of  the  Bureau  of  Plant  Industry,  of  the 
U.  S.  Department  of  Agriculture,  has  made  extensive  investiga- 
tions in  the  commercial  utilization  of  grape  seed.  In  a  paper  read 
before  the  Division  of  Industrial  Chemists  and  Chemical  Engi- 
neers, of  the  American  Chemical  Society,  he  suggested  that  all 
waste  of  this  character  from  the  vineyards  and  canneries  be 
assembled  at  a  centre,  so  that  there  will  be  enough  tonnage  to 
make  its  fabrication  profitable.    He  said: 

"  In  the  grai)e-juice  industry  the  grapes  are  pressed  in  ordi- 
nary cider  presses  to  obtain  the  juice.  The  skins,  seeds  and  pulp 
remain  behind  in  the  cloths.  The  total  tonnage  of  grapes  pressed 
for  juice  in  the  grape  belts  of  New  York,  Ohio  and  Michigan 
was  ascertained  directly  from  the  firms  for  each  of  the  past  five 
^■ears  in  order  to  strike  a  fair  average.  From  these  figtires  a 
pomace  yield  of  20  per  cent,  was  calculated,  which  in  turn  yielded 
one  (jnarter  seed,  one-quarter  dry  skins,  and  one  half  water. 
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*'  A  method  has  been  worked  out  and  operated  in  the  labora- 
tory on  a  semi-commercial  scale  whereby  grape  seed  can  be  sepa- 
rated from  wet  grape  pomace  without  recourse  to  drying.  The 
seed  separation  will  enable  the  producer  to  take  out  his  seed  from 
the  balance  of  the  waste  at  each  pulping  and  pressing  station. 
This  makes  him  independent  of  the  necessity  of  shipping  all  of 
his  waste  to  the  central  plant." 

Because  of  the  shortness  of  the  grape-juice  pressing  season, 
which  lasts  from  September  to  November,  estimates  have  been 
made  on  a  plant  only  large  enough  to  dry  the  maximum  amount 
of  seed  and  then  press  it  in  winter  months.  A  charge  of  $9  per 
ton  of  raw  material  is  allowed  for  drying  and  handling  from 
freight  cars  to  storage  bins,  while  $15  to  the  ton  of  dry  grape  seed 
is  allowed  for  expelling  the  oil  and  handling  from  the  seed  stor- 
age to  the  oil  in  tanks.  This  would  include  all  overhead  and 
management  charges,  except  rent  of  property  or  interest  on  real 
estate  investment. 

Doctor  Shrader  believes  that  the  efficiency  of  these  plants 
could  be  increased  by  also  extracting  the  oil  from  the  seeds  of 
tomatoes,  as  a  great  many  such  seeds  are  rejected  in  the  making 
of  catsup  and  in  canning.  Seeds  from  pumpkins  and  those  from 
other  vegetables  can  also  be  utilized. 

Gas-masks  for  Ammonia. — Messrs.  Perrott,  Yablick  and 
FiELDXER,  of  the  Chemical  Warfare  Service  (/.  Ind.  Eng.  Chem., 
vol.  xi,  1919.  1015),  describe  a  new  form  of  gas-mask,  especially 
adapted  to  the  protection  of  workmen  in  industries  in  which  re- 
frigerating plants  are  operated.  They  point  out  that  the  usual 
method  which  employs  pumice  drenched  with  sulphuric  acid  has 
several  objectionable  features,  among  which  are  production  of 
much  heat  by  the  absorption,  high  initial  resistance,  and  the 
necessity  for  a  canister  capable  of  resisting  corrosion.  Caustic 
fumes  are  also  produced  which  must  be  stopped  by  a  pad,  thus 
increasing  the  difficulty  of  breathing.  They  experimented  with 
salts  having  the  property  of  combining  with  ammonia,  and  give 
preference  to  pumice  stone  saturated  with  copper  sulphate.  This 
was  shown  to  have  a  great  capacity  of  absorption.  A  canister 
containing  45  cubic  inches  of  this  material  will  protect  a  man. 
breathing  at  rest,  for  five  hours  against  an  atmosphere  containing 
2  per  cent,  of  ammonia  and  for  two  and  one-half  hours  in  an  atmos- 
phere containing  5  per  cent.  Tests  at  high  breathing  show  that 
protection  is  ample  at  great  exertion.  Several  other  substances 
are  efficacious,  among  which  are  cobalt  chloride,  boric  and  silicic 
acids.  The  copper  sulphate  method  has  the  advantage  of  large 
capacity  of  absorption,  low  heat  disengagement  and  cheapness. 

In  this  connection,  note  should  be  made  of  a  statement  from 
the  British  Home  Office  (For.  Ind.  News,  /.  Ind.  Eng.  Chem., 
vol.  xi,  1919,  1064)  that  the  ordinary  army  masks  do  not  serve  as 
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protection  in  dealing  with  mine  fires,  or  entering  the  mine  after 
explosions.  The  atmosphere  in  such  cases  contains  a  good  deal 
of  carbon  monoxide,  against  which  the  ordinary  charges  of  the 
mask  are  inert,  and  further,  there  is  often  a  decided  diminution 
of  the  proportion  of  oxygen,  which  may  in  itself  be  a  great  dan- 
ger. Inasmuch  as  the  masks  protect  against  smoke,  they  give  a 
feeling  of  security  to  a  person  entering  the  smoky  air  and  thus 
add  to  the  likelihood  of  his  being  overcome. 

H.  L. 

Application  of  Fish-oils  in  the  Paint  Industry.  {Paint  Mfrs. 
Assn.  Circ.  No.  74.) — Several  fish-oils  have  long  been  used  in  the 
manufacture  of  soap,  leather  and  for  hydrogenation.  Tests  have 
been  made  of  four  fish-oils — grayfish,  shark,  fur-seal  and  skate — 
with  a  view  to  determine  if  any  of  them  can  be  used  as  drying 
oils,  but  the  results  were  negative.  Incidentally,  it  has  been 
shown  that,  as  regards  these  oils,  at  least,  the  iodine  number  is 
not  an  index  of  the  drying  qualities,  for  the  fish-oils  showed  num- 
bers from  135  to  151,  but  possessed  much  less  drying  power  than 
some  vegetable  oils  (soy  bean  and  cottonseed),  having  hgures  as 
low  as  120  to  130. 

From  a  sample  of  shark  liver  oil  a  notable  amount  of  an  un- 
saturated hydrocarbon  was  extracted.  The  presence  of  this  was 
indicated  by  the  low  saponification  number  and  the  large  amount 
of  unsaponifiable  matter.  The  hydrocarbon  was  a  pale  yellow 
liquid  without  pronounced  odor.  A  hydrocarbon  of  somewhat 
similar  character  was  isolated  a  few  years  ago  from  the  livers  of 
species  of  sharks  in  Japanese  waters  by  Mitsumaru  Tsujimoto. 

H.  L. 

A  New  Seed-oil.  {Paint  Mfrs.  .Issii.  Circ.  No  72.) — The  oil 
from  the  seeds  of  Calophyllum  inophylhini,  a  hardwood  tree  of  the 
Philippines,  known  locally  as  Palo  Maria,  has  been  examined 
with  a  view  to  its  applicability  to  the  paint  industry,  but  the 
results  are  not  satisfactory,  and  it  is  evident  that  it  must  be 
subjected  to  some  special  treatment  to  give  it  rapid  drying  prop- 
erties. The  oil  is  not  serviceable  for  food  as  it  contains  a  poison- 
ous resin,  to  which  the  color  and  odor  are  due.  It  is,  however, 
used  in  its  native  regions  as  an  apj)licati()n  in  skin  affections. 
'Jlie  fatty  acids  yielded  by  it  are  principally  pahnilic.  oleic  and 
stearic,  so  that  it  would  serve  well  as  a  source  of  soap  and  glycerol. 

11'.  L. 


4 


PKKSS  OF 
J.B.  LIPPINCOTT  COMPANY 
PIMLADULPIIIA 


INDEX  TO  VOL.   188. 


Acetylene  flame.  Spectral  energy  dis- 
tribution in  the  (Coblentz).  399 

Aeronautics  Staff.  U.  S.  N.,  Air 
speed  indicators  for  dirigibles,  535 

Air,  Optics  of  the  (Humphreys),  433, 
607 

Aircraft  incidence  meter,  Develop- 
ment of  an  (Zahm),  683 

Air  flow  over  rear  deck  of  battleship 
Peiiiisylvaiiia  (Zahm),  389 

Airplane  motors  steels  (Sauveur),  189 

Airplane  parts.  Pitch  pockets  and 
their  relation  to  the  inspection  of 
(  Watkins).  245 

Airplane  shock  recorder,  Develop- 
ment of  an  (Zahm),  237 

Airspeed  indicators  for  dirigibles 
(Aeronautics  Staflf,  U.  S.  N.),  535 

Antenna,  Radio  transmission  formu- 
las for  (Dellinger),  95 

Atmospheric  electricity  (Swann),  577 

Battleship     Pennsylvania,     Air     flow 

over  rear  deck  of  (Zahm),  389 
Blattermax,    a.    S.  :      Theory    and 
practical  attainments  in  the  design 
and  use   of   radio  direction  finding 
apparatus   using  closed  coil  anten- 
nas, 289 
Book  Notices  : 
Condensed  Chemical  Dictionary,  705 
Cowing,  Herbert  L. :    One  thousand 

technical  books,  423 
Mills,  John:     The  realities  of  mod- 
ern science,  285 
Ontario   Bureau  of  Mines :   Cobalt, 
its    occurrence,    metallurgy,    uses 
and  alloys,  704 
Pani,  A.  J. :     Hygiene  in   Mexico, 

574 
van   Klooster,   Henry  S. :     Lecture 
demonstrations  in  physical  chem- 
istry, 424 


Bryant,  S.  W.  :     The  United  States 

naval  communication  service,  751 
Bush,  V. :    Gimbal  stabilization,  199 

Clewei.l.  C.  E.  :     Industrial  lighting, 

51 

Climatic  control,  Factors  of  (Humph- 
reys, 775 

Coblentz,  W.  W.  :  Recent  progress 
in  the  manufacture  of  glasses  for 
protecting  the  eye  from  injurious 
radiations,  255 

Coblentz,  W.  W.  :  Spectral  energy 
distribution  in   the  acetylene  flame, 

399 

Coil  aerials.  Radio  transmission  for- 
mulas for  (Dellinger),  95 

Coloration,  protective,  The  low  visi- 
bility phase  of   (Jones),  363,  507 

Creighton,  Henry  Jermain  Maude, 
and  Benjamin  Franklin  :  Elec- 
trical treatment  of  sewage :  the 
Landreth   direct   oxidation   process, 

157 
Current  Topics  :  26,  50,  90,  94,  96 
122,  127,  128,  130,  133,  138,  152,  153 
187,  198,  216,  236,  244,  253,  261,  268 
270,  278,  286,  287,  362,  388,  397,  398 
402,  405,  406,  410,  414,  425,  505,  506 
533,  544,  566,  568,  575,  681,  685,  694 
696,  707,  708,  750,  770,  774,  818,  820 
822,  825,  826,  835,  836 

Dellinger,  J.  H. :  Radio  transmis- 
sion formulas  for  antenna  and  coil 
aerials,  95 

Dewar,  James  :  Soap  bubbles  of  long 
duration,  713 

Dirigibles,  Air  speed  indicators  for 
(Aeronautics  Staff,  U.  S.  N.),  535 

Electrical  treatment  of  sewage 
(Creighton  and  Franklin),  157 

Electricity,  Atmospheric  (Swann), 
577 

855 


856 


Index. 


[J.  F.  I. 


Experiments  on  so-called  "  root- 
beers "    (La  Wall   and  Leffmann), 

545 

Factors  of  climatic  control  (Humph- 
reys), 775 

Franklin,  Benjamin,  and  Henry 
Jermain  Maude  Creighton  :  Elec- 
trical treatment  of  sewage :  the 
Landreth   direct   oxidation  process, 

157 
Franklin  Institute: 
Correspondence : 

Honorary    membership,    John   A. 

Brashear,  150 
Honorary    membership,    John    J. 

Carty,  284 
Honorary    membership,    Thomas 

A.  Edison,  149 
Honorary  membership,  H.  A.  Lo- 

rentz,  151 
Honorary    membership,    G.   Mar- 
coni, 151 
Honorary  membership,  H.Kamer- 

lingh  Onnes,  151 
Honorary  membership,  Theodore 

W.  Richards,  150 
Honorary  membership,  George  O. 

Squier,  149 
Honorary     membership,     D.     W. 

Taylor,  284 
Longstreth    Medal,    Enoch    Kar- 

rer,  422 
Longstreth      Medal,      Edwin      F. 

Kingsbury,  423 
Longstreth  Medal,  R.  B.  Moore, 

423 

Longstreth   Medal,  J.  J.  Skinner, 
422 
Honorary  membership : 

John  A.  Brashear  (correspond- 
ence), 150 

John  J.  Carty    (correspondence), 

2«4 

Thomas  A.  Edison  (correspond- 
ence), 149 

H.  A.  Lorentz  (correspondence), 
151 


G.      Alarconi      (correspondence), 

151 
H.    Kamerlingh    Onnes     (corre- 
spondence), 151 
Theodore    W.    Richards     (corre- 
spondence), 150 
George    O.    Squier    (correspond- 
ence), 149 
D.  W.  Taylor   (correspondence), 
284 

Library  Notes,  144,  279,  417,  570, 
700,  831 

Longstreth  Medal,  Enoch  Karrer 
(correspondence),  422 

Longstreth  Medal,  Edwin  F.  Kings- 
bury (correspondence),  423 

Longstreth  Medal,  R.  B.  Moore 
(correspondence),  423 

Longstreth  Medal,  J.  J.  Skinner 
(correspondence),  422 

Membership  Notes,  143,  415,  569, 
699,  829 

Science  and  the  Arts  Committee, 
Abstract  of  proceedings  of  meet- 
ings :  June  4,  1919,  143 ;  Septem- 
ber 3,  1919,  569;  October  i.  1919, 
697 ;  November  5,  1919,  828 

Sections.  Proceedings  of  meetings, 
698,  828,  829 

Stated  Meetings,  Proceedings :  Oc- 
tober 15,  1919,  697;  November  19, 
19 1 9,  827 
Franklin  Medal,  Presentation  of  the, 

97 

General    Electric    Company   Research 

Laboratory,  Notes,  131,  819 
Cjiml)al  stabilization  (Bush),  199 
Glasses   for   protecting   the  eye   from 
injurious  radiations  (Coblentz),  255 

Hiding  power  of  while  pigments  and 
paints  (Pfund),  675 

High  frequency  currents  on  wires 
(Mauborgne),  91 

High  temperature  measurements,  Re- 
fractory materials  and  (Kanolt), 
489 


Dec,  1919.] 


Index. 


857 


HvMrnREYS.  \V.  J.:  Optics  of  the 
air,  43,^  60- 

HrMPHREYS.  W.  J.:  Factors  of  cli- 
matic control,  775 

Industrial   lighting   (Clewell),  51 
Ives.  Herbert  E.  :     The  photometric 
scale.  217 

Jones,  Loyd  A. :  Low  visibility  phase 
of  protective  coloration,  363,  507 

Kaxolt,  C.  W.  :  Refractory  mate- 
rials and  high  temperature  meas- 
urements, 489 

Kenxelly.  a.  E..  and  Edy.  Veian- 
der  :  A  rectangular-component  two- 
dimensional  alternating-current  po- 
tentiometer, I 

Landreth  direct  oxidation  process 
(Creighton  and  Franklin),  157 

La  Wall,  Charles  H.,  and  Henry 
Leffmaxx  :  Experiments  on  so- 
called  "  root-beers,"  545 

Leffmaxx.  Henry,  and  Charles  H. 
La  Wall:  Experiments  on  so- 
called  "  root-beers,"  545 

Lighting,  Industrial    (Clewell),  51 

Low  visibility  phase  of  protective 
coloration   (Jones),  363,  507 

Manometer,  A  multiple-tube  (Zahm), 

771 
Mauborgxe.  J.  O. :     High  frequency 

currents  on  wires,  91 

Naval   communication    service    (Bry- 
ant), 751 
Nela  Research  Laboratory,  Notes,  129 

Optics  of  the  air  (Humphreys),  433, 
607 

Pfuxd,  a.  H.  :  The  hiding  power  of 
white  pigments  and  paints,  675 

Photometric  scale   (Ives),  217 

Pigments  and  paints,  white,  The  hid- 
ing power  of   (Pfund),  675 

Pitch  pockets   (Watkins),  245 


Potentiometer,  Rectangular  -  compo- 
nent two-dimensional  alternating- 
current  (Kcnnelly  and  Velander),  i 

Publications  Received,  152,  285,  574, 
706,  834 

Radio  direction  finding  apparatus, 
Theory  and  practical  attainments  in 
the  design  and  use  of  (Blatterman), 
289 

Radio  transmission  formulas  (Del- 
linger),  95 

Refractory  materials  and  high  tem- 
perature measurements  (Kanolt), 
489 

"  Root-beers,"  Experiments  on  so- 
called  (LaWall  and  Leffmann),  545 

Sauveur,  Albert  :  Some  remarks 
concerning    the    heat    treatment    of 

*  steel  and  their  application  to  the 
treatment  of  steels  used  for  air- 
plane motors,  189 

Sewage,  Electrical  treatment  of 
(Creighton  and  Franklin),  157 

Ship  stabilization   (Bush),  199 

Soap  bubbles  of  long  duration  (De- 
war),  713 

Spectral  energy  distribution  in  the 
acetylene  flame   (Coblentz),  399 

Steel,  Heat  treatment  of  (Sauveur), 
189 

SwANix,  W.  F.  G. :  Atmospheric  elec- 
tricity, 577 

Telegraphy,  Multiplex.  High  fre- 
quency currents  on  wires  (Mau- 
borgne),  91 

Telephony,  Multiplex.  High  fre- 
quency currents  on  wires.  (Mau- 
borgne),  91 

Tiemann,  Harry  D.  :  The  phenom- 
ena of  drying  wood,  27 

U.    S.    Bureau   of   Chemistry,    Notes, 

135,  269,  405,  565,  695,  821 
U.   S.  Bureau  of  Mines,  Notes,    139, 

271,  411,  567,  823 


858 


Index. 


[J.  F.  I. 


U.    S.    Bureau    of    Standards,    Notes, 

123,263,  403,  547,  687,  811 
United    States    Naval   communication 

service  (Bryant),  751 

Velander,  Eddy,  and  A.  E.  Ken- 
nelly  :  A  rectangular-component 
tjvo-dimensional  alternating-current 
potentiometer,  i 

Watkins,  J.  R. :  Pitch  pockets  and 
their  relation  to  the  inspection  of 
airplane  parts,  245 


Westinghouse  Electric  and  Manufac- 
turing Company,  Research  Labora- 
tory Notes,  407 

Wood,  The  phenomena  of  drying 
(Tiemann),  27 

Zahm,  a.  F.  :  Air  flow  over  rear 
deck  of  battleship  Pennsylvania,  389 

Zahm,  A.  P.:  A  multiple-tube  ma- 
nometer, 771 

Zahm,  A.  F. :  Development  of  an 
aircraft  incidence  meter,  683 

Zahm,  A.  F. :  Development  of  an  air- 
plane shock  recorder,  237 


T  Franklin  Institute, 

1  Philadelphia 
F8  Journal 

V.188 

T= 

Sri     iM 
38WS15  ^'' 


Engineering 


PLEASE  DO  NOT  REMOVE 
CARDS  OR  SLIPS  FROM  THIS  POCKET 

UNIVERSITY  OF  TORONTO  LIBRARY 


